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Synopsis 
The effect of the tube georretry ~as investigated in a natural 
'circulat.ion single tube re.b:oiler. Two stainless steel tubes 
of different. dimensions (the first being 0.5 1t I.D., 0.625 tl O.D., 
and 4 ft.. heated length, the second being 0 .872~! I. D., I"" 0 • D. , 
and 6 ft. heated lengt.h) were used. Both tubes were assembled 
from sec.tions of 8 1t length, each section was heated by its 
own steam jacI!:et. Test liquids temperatures were meas,ured by 
t.hermocouples along the test tube. A pressure transducer at 
the inlet of the tube was used to record the static pressure 
fluctuations using a U. V. recorder. Distilled water and water-
ethylene glycol solutions were used as test liquids. Heat 
flux for each section was measured. 
Thee~perir.lental results from the tYro tubes showed that 
higher values of the two-phase heat transfer coefficient hTP, 
were obtained in the larger diameter tube, under similar 
operating conditions.1 
Flow instabilities were also found to be a function of the 
diameter, in the sense t.hat in the larger diameter tube, the 
frequency of the fluctuation was found to be smaller under 
the same values of heat flux and liquid phase mass velocity. 
This confirms the suggestion in the literature that the larger 
diameter tubes facilitate better the release of vapour slugs 
from the tube and lead to a more stable flow. The result was 
that the heat transfer coefficient increased with increasing 
diameter and improved stability. Increasing the mass flo'\1 
rate, under the same value of heat. flux, i7as found to have a 
stabilising effect. on the pressure fluctuations in a given tube o 
This t,ype of frequency-mass flo,\7 rate relationship is backed 
by evidence from the literature. 
v 
, . 
The experimental results have been correlated by "I;he following 
equation: 
)O.6(F)1.5<-i-)O.3]O.7 
------------- 6.9 
The group (~!20 ), reduces to unit.y in case of water and "1:.0 
L 
( 6U20 ) in case of single-component. lig~ids. 
6L 
The factor F reduces t.o unity in case of single-component liquids. 
The ratio . (~) reduces to uni t.y in case of length-mean values.i 
. - - .- . . . 
Eqn. 6.9. correlates bot.h point and length-mean coefficients 
for the following liquids: wat.er, NPA, IPA, liPA-H20' azeotrope, 
IPA-Ii20 azeotrope, and a variety of concentrations of the 
following binary mixtures: UPA-H20,IPA-H20,and water-ethylene 
glycol. The kineoatic viscosity in the Galileo number is 
that of '7a.t er, irrespective of t.he boiling liquid in the tube. 
'rhe paramet.er Xtt and t.he coefficient hL in Eqn. 6.9, are 
based, in case of the local coefficients on qualities ranging 
from 2% to 60%, a.nd in case of length-mean coefficients on 
arit.hmetic-mean qualities ranging from 27~ to 30%. In each 
case the Reynolds number for the liquid and vapour phase is 
in excess of 2000. 
T'he eX'periment.al lengt.h-mean coefficien-l:.s compare faVourably 
with the length-meancgefficients obtained from an analytically 
int.egrated correlation for the local values, on the assumption 
that the mixt.ure quali t.y varies linearly \'1i th the tube length. 
The correlations of Hughmark. Chen, and Schrock and Grossman, v/ere 
checked against experimemt,al dat,a of this 'WorI::. The lack of 
provision for the effect of diameter on the tV/o-phas e heat 
transfer coefficient. 'Was found t.o be a comoon feature of them. 
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I.Introduction 
Thermosiphon reboilers are attractive to use due to mechanical 
simplicity,ease of operation and cleaning. In these rebollers, 
the circulation rate and the heat transfer rate are inter-
dependent. Hence in order to ailow for prediction of the: 
t.ube side coefficient,the problems of predicting the preva.iling 
flow regime,the existence of flow instabilities and pressure 
drop become necessary. These quantities are functions of the 
physical propert.ies of the fluid, the fraction vaporized and 
the t.ube geometry. Due to these complexities,empirical 
approach is often followed. However most empirical correlations 
existing in the literature,suffer from the fact that taey are 
only good when used for tubes of similar geometries and for 
siailar range of variables employed • 
. In this nork,a correlation is developed for tubes of different 
geometries. For this purpose,work was carried out in two 
tubes. The first tube is O.5Q in diameter and 4 ft long divided 
int.o six sections ,with steam as the heat transfer medium 
supplied independently to each section,for the purpose of 
studying the local heat. transfer characteristics. The second 
tube is O.812~in diameter and 6 ft long,divided into nine 
sections. 
Distilled water and eight different mixtur.es of water and 
ethylene glycol were experiIlented with,covering a wide range 
of physical- properties. The reboiler was s.tudied under three 
independently controlled variables. These are the steam 
pressure i.e. the heating medium temperature,the liqUid level 
, I 
i.e. the submergencetand the liquid composition. Saturated 
feed was used in all the experimental runs and this w~s 
obtained b;y controlling the steam pressure to the preheater. 
The experimental results are analysed for the effect of 
tube diameter' on the efficiency of heat transfer and stability 
of ' flow. The effect on heat transfer is used to devolop a 
c.orrelat.ion for single component boiling liquids. 
The experimental coefficients of heat transfer for binary 
mixtures used here 'J together with data obtained for different 
types of binary llixtures from earlier l10r:~s. are used to' 
establish a correlat~on for boiling binary liquids. 
2 
, ; 
3 
2 LITERATURE SURVEY 
2.1 Flow patterns in vertical evaporator tubes and the. 
corresponding heat transfer regimes 
When a liquid is introduced to an evaporator tube at or 
near saturation temperature, then as a result of heating 
the vapour quality (the ratio of' the vapour mass flOlol 
rate to the total mass flow rate) increases along the 
tube. The vapour, now existing in the tube, and the 
'liquid phase exhibit a number of different. flow 
configurations, usually called flow'patterns, see Fig. 
2.1.1. The flow patterns are determined by fixed 
variables such as the tube geometry and the gravitational 
force and by operating variables such as relative flow 
rates of liquid and vapour (49). These different flow 
patterns are associated with different two-phase heat 
transfer mechanisms. Initially when only liquid is 
present in the tube, the mechanism is that of single 
phase convective heat transfer. As a result of heating 
and also due to the continuous reduction in hydrostatic 
pressure as the liquid flows upwards, the temperature of 
the liquid reaches a level when it is slightly super-
heated. Bubbles" l'ihich are formed at preferred sites 
on t~e heating surface grow larger until finally 
detaching themselves to form a bubbly flOlol. Detachment 
occurs when the bouancy and hydrodynamic forces tending 
to pull the bubble at.,ay from the sur:face, overcome the 
surface tension and inertial :forces which tend to 
~ 
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Fig. 2.1.1 Flo,., regimes in t,.,o:"phase flm, in a vertical tube 
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5 
maintain it on the sur£ace. The inertial forces 
exist because the liquid must be pushed away to make 
room for the bubble to grow (.50). As the bubble 
population increases, coalescene occurs to form slugs. 
These slugs on increased vaporisation give ,.,ay to churn 
and then to annular flow pattern. In the region of 
bubbly, slug and annular flow regimes, one of the most 
important variables governing the process of two-phase 
heat trans£er is the quality. 
In the bubbly flo\o{ ,the improvement in the heat transfer 
rate is primarily brought about due to the increased 
velocity of' the t,.,o-phase flow resulting from the 
presence of' the bubbles. In the slug flow regime where 
the slugs occupy a large portion of' the £low path, the 
liquid phase is forced on to the wall with the result 
that the liquid flows as a thin f'ilm. The heat 
transf'erred f'rom the wall is used either for further 
vapour generation at the wall, provided that the 
temperature driving force between the tube wall and the 
two-phase mixture is above a certain minimum value 
dependent on the relative value o£ the mass flux and the 
heat flUX, or the heat trans£erred is used for evaporation 
from the liquid-vapour interface. Thinning of the liquid 
film occurs as a result of increased vapour quality 
and the process of conduction increasingly becomes more 
and more efficient until, with a very thin film present 
at the wall, it becomes the dominant process where 
evaporation takes place at the vapour-liquid inter£ace 
6 
only. Here the predominant mechanism of heat transfer 
is that of 'forced convection' and an increase in the 
liquid velocity brings about lowering of the resistance 
to heat transfer by thinning the thickness of the 
laminar sublayer. In the regions of low weight fraction 
of vapour the 'nucleate mechanism' is the predominant 
mechanism of heat transfer. Here the heat transfer 
coefficient is mainly a function of the temperature 
driving force (ATf). 
Nucleate boiling could only exist at low liquid velocities, 
therefore increasing the liquid velocity increases the 
convective heat transfer by lowering the available 
effective temperature driving force (ATf) for nucleation 
(8,10). Hence it could be said, that low.vapour 
weight fractions, low mass fluxes and high temperature 
driving forces (bTf) , favour the existence of nucleate 
boiling. On the other hand, high velocities and high 
vapour qualities, tend to favour the convective process. 
Thus, in any case, flow boiling is a complex heat 
transfer process consisting of both nucleate and convective 
mechanisms side by side. 
2.2 TlfO-PHASE FLOW HEAT TRANSFER CORRELATIONS FOR 
SINGLE COMPONENT LIQUIDS 
/ . 
7 
Following the suggestion of Lockhart and Martinelli (2), 
many workers have correlated their experimental results 
of two-phase heat transfer in the form:-
1 )n 
= m (Xtt _____________ 2.1 
l'lhere m and n are two empirical constants. 
The reason for the success of relationships of this 
type in the region of two-phase convective heat 
transfer is discussed by Collier (1) p.206. 
Dengler and Addoms (10), studied the process of forced 
circulation vaporization of water in a vertical tube. 
The tube was a 20 ft., 1" I.D., made of copper 1'1ith 
0.12.5" wall thickness. They measured local temperatures 
of the wall and of the fluid, as well as local 
. volumetric fractions of liquid and vapour using a 
radioactive tracer technique. They obtained data and 
correlated them as follows:-
= 3.~ (....L)o • .5 . X
tt 
F ____________ _ 2.2 
where hLT 
PC 0.4 ( ~ ) _______ 2.3 
K L } r· 1 ___________ 2.4 
TW 
. j 
ATi = temperature difference required for the 
initiation of boiling. 
ATi = 10 (Vav) 0.3 
where Vav . = average velocity based on an 
average specific volume. 
6L = surface tension 
AT = temperature difference between wall and fluid 
temperatures. 
Di = inside tube diameter. 
c( d P ) .L } evaluated at the measured wall 
8 
C dT sat. 6L T 
W 
temperature and provides a pressure 
correction to the nucleate boiling. 
Chawla (26), made use of a parameter E, defined as 
being the ratio of the mean liquid velocity to that of 
the mean vapour velocity. This parameter E, was found 
to be a function o~: 
1 P -0.9 
6 l--k-)· 
Pv 
as well as the relative roughness of the tube surface, 
where:-
= G{ l-X)Di 
PL 
[G(l-X>] 2 
PL2 9 Di 
The parameter E was found by Chawla to be necessary to 
account for the momentum exchange bet'w'een the phases as 
well as all the other factors less obvious in the two-
.. ~ 
~----------------------------------------
9 
f. ' I 
I . 
phase flow. He also argued that thevarie~y o~ivalues 
fori the constants m an,j n in Eqn. 2.1, found by 
different authors was due to the fact that the momentum 
exchange between the phases was not accounted for. 
Reporting E graphically, he recommended two correlations:-
where N * u L = 
P 0.42 
r L 
x 
l-X 
0.42 
Pr 
L 
) ( PL )0.3 ( Eh 0.8 flv Pv ) 
2.6 
1 
- "2 
C l-X} ] 
t l - XE(~) 
Pv 
The Froude number was also found to be important by 
Davis-(44}, in estimating vertical two-phase pressure 
drop. Davis modified the Lockhart-Martinelli correlation 
to fit vertical flow data, arguing that the Lockbart-
Martinelli parameter should be modified by inclusion of 
10 
, I 
fluid mean velocity. The revised Lockhart-Martinel1i 
parameter is:-
x~= 0.19 ( 1iX ) 0.9 ( Pv )0. 5 (PL 01 v
2
m 0.185 
, ). (DJ.. 9 ) ------2.7 
PL Pv 
where Vm is the mean velocity of liquid-vapour mixture. 
Schrock and Grossman (3), experimenting with water in 
a forced circulation upf10w system using tubes in the 
range of 0.1162 to 0.4317tt I.D., 15 to 40" long, 
electrically heated with heat flux ranging from 60,000 
to 1,450,000 Btu/hrft2 , mass flux from 176,000 to 
3,280,000 1b/hrft2 and exit quality of 5 to 59% postulated 
that for the range of variables covered in their boiling 
heat transfer investigation: 
Nu 
where Bo = ___ q ___ ___ 
G H,"V 
2.8 
l-lhich they interpreted as being the ratio of the 
perpendicular mass flux away from the wall due to heat 
transfer, to the total mass flux flowing through the 
tube. Their final equation is: 
Practically all their data fitted the correlation to 
:!: ,35 % I accuracy 11"imits.! 
They stated that the Eqn. 2.9, correlated reasonably 
2.10 
11 
well data for a large range of vapour qualities. They 
showed that their data points from annular type of 
flow can be correlated very well with the equation:-
1 0.75 = 2.5 (X
tt 
) ______________ 2.11 
On the other hand for 
quality, the term 1.5 
insignificant compared 
same equation. 
their data points of low vapour 
1 2/,). (-----X) 1n.Eqn. 2.9, was found 
tt 
'-lith the term Bo x 104 in the 
q 
It may be ShOlal that the Boiling number, Bo = GH I v for 
saturated feed is proportional to the exit quality Xo. 
This is because for a particular tube: 
q = G Axs Xo H I v/Ai 
therefore Bo = GAxs Xo Hlv 
G Hlv Ai 
= Xo Axs 
.Ai 
This last expression confirms the statement that the 
Boiling number Bo, is proportional to the exit quality 
for a given length of tube. This effectiveness of the 
Boiling number Bo, as sholm· by the authors applies only 
to the lower vapour qualities. 
The Roiling nUr.J.ber was also used by Pujol and Stenning (45), 
to correlate t.heir two-phase flow heat transfer data, from 
their evaporator consis~ing of several vertical tube sections 
in series witm up and down flow. ; . i 
, I I , 
I 
I 
12 
Another corre:'.ation is that of Hughmark (4), obtained 
by combining the equations of Piret and Isbin (5), and 
of Lee et al (6) into an equation for length-mean 
coefficients,jof the form:! 
ThrPDi = const. (~)La 
KL 
Hughmark, by using the data of Boarts et al (7), Lee 
et al (6), Piret and Isbin (5), and Guerrieri .and 
Talty (8), plus his mm data, evaluated the constant 
in the above equation and the exponents a,b,c,d and e. 
Data from tubes of 0.75 to 1.068 11 I.D. and 4.85 to 
10 ft. long ldth heat fluxes of 1,867 to 158,000 Btu/ 
hrft2 and system pressures of 2.8 to 265 psia was used 
I, 
to obtain the' best fit line represented by the following 
equation:- (PCp~ 0.25 ~iVlm PL) 0·55 
hTpDi .1('"; L PL 13 -----.--= 
KL ( PLp~ PV )0.8( 1 ~0.45(io) 0.25 6LCp L 
This equation was sholm by Beaver and Hugbmark (37), to 
be also applicable to thermosiphon reboilers operated at 
pressures below atmospheric. In the above correlation, 
the specific heat and surface tensiqn in the group 
( ()L~PL ) are in Btu/lboF and dynes/cm, respectively. 
The parameter L and the constant 10· in the group (l~) 
both have ,the dimensions of feet (38, p. 499) . The 
constant 13 has the dimensions: 
2.12 
[ 
--,-0 ~---.,;.;;.;;._ ] ° .45 ~.lb  cm 
Btu I.dyne 
I 
All the data used by Hugbmark to evaluate the 
exponents a,b,c,d and e ''1ere obtained at 100% sub-
mergence in thermosiphon reboi1ers, except the data of 
Ref. 7 which ''1ere obtained from a forced circulation 
evaporator. The inside film temperature difference 
for these data ranged from 2 to 76.5 OF. 
Chen (9), used a selection of experimental data from 
the work of Dengler and "Addoms (10) of Guerrieri and 
Ta1ty (8), of Bennett et a1 (11) and of Schrock and 
Grossman (3) in the development of his correlation. In 
his correlation the t''10 heat transfer mechanisms 
namely 'nucleate boiling' and 'forced convection' are 
made additive with varying contribution to the total 
heat transfer process i.e. 
2.13 
13 
where hc is calculated from the Dittus-Boe1ter equation: 
" ) ° . 8 ( KTP) ( ) 0.4 hc = 0.023 (ReTP ~ PrTP 
" ~ 
KTp, PrTP and ReTP are effective values based on the 
physical properties of the vapour-liquid mixture. Chen 
argued that in annular flow, the heat is transferred 
across a liquid film, and hence PrTP and KTP could be 
substituted for by PrL and KL' respectively:-
"{ )0.8 ( )0.4 ( KL) hc = 0.023 ReTP P~ Di 
He then introduced a f10w parameter F, defined as 
fo11ows:-
F = (ReTP) O. 8 = 
ReL 
ReTP [ J 0.8 - -G-( 1--X---)-D-i '""":'"/ -Pr,- . 
F was related empirica1ly as a fUnction of the 
Lockhart Martinelli factor Xtt . This functional 
rel.ationship was expressed graphical1y (9). 
14 
[
_G..;:...( l._-X--:;)_D-..i -J 0.8 (PCp ) 0. 4 ( ~D~) F hc = 0.023 K L • 
llL 
For the evaluation of hNB' the Fors~er and Zuber 
correlation (12) was emp1oyed:-
hNB = 0.00122 
0.24 
2.14. 
J 
To account for the suppression of the nucl.eate boi1ing 
mechanism by the convective mechanism, a suppression 
factor S was defined:-
S = 
AT 0.99 
( ATe sat). ( 
mean superheat 
= wall superheat 
) 0.99 
(0 .99 l~as employed to a1101f S to appear to the power 
unity). 
ATe and APe are effective values of temperature 
difference and pressure difference. From the C1ausius-
15 
i. 
C1apeyron equation, the above could be written as:-
s = 
hNB = 0.00122 
0.79 C 0.45 0.49 
[ 
KL PL PL 
6 0.5 P 0.29 H 0.24 P 0.24 ] 
·0.24 
AT 
sat. 
L L Iv v 
0.75 
APsat. S 2.15. 
The suppression factor S w·ou1d approach unity at low 
flow rates and zero at high flow rates, hence it was 
postulated that S could be represented as a function 
of local two-phase Reyno1d I s number R~p. Hmorever 
Hughmark (40), on the basis of the data taken from 
Beaver and Hughmark (37), found that an average value 
of S = 0.25 better fits the data from boiling in which 
nucleation apparently occurred. 
The scatter of data points around the curves correlating 
the enhancement fact-or F, and the su'ppression factor S, 
is abgut ±40% (9). Hence the predicted two-phase coefficients 
will have about the same error (20). Also in the Chen 
correlation the surface-liquid combination factor is not 
allowed for in the nUcleate boiling component and this could 
cause a serious error in the final value of the total 
coefficient (13). In spite of these drawbacks the Chen 
correlation is at present the best available, for the 
saturated forced convective boiling. (1) • 
i. 
I 
i 
I I 
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Davis and David (51), deve].oped a '':orre1ation for 
the convective region only, using experimental data 
from the literature which had vapour qualities higher 
than 10%, which generally corresponded to the annular 
or mist-annular 1'101'1 patterns in either vertical or 
horizontal flow. The correlation included data for 
tubes from t to 1" in diameter. 
2.16. 
De Gance and Atherton (52), thought that the Davis and 
David correlation "tvas the best design correlation 
presented in the literature. 
Ca1us et al (20), 'tvorking on single tube natural 
circulation reboiler, heated by condensing steam and 
using tubes of one single geometry (4 ft long by 0.5" 
diameter), modified the general equation:-
= 
1 n 
m (Xtt ) 2.1 
to an equation that included the boiling side film 
temperature difference ATf' and the saturation temperature 
of the liquid Tsat. Il. Tf was shown to be an important 
parameter, due to its effect on the intensity of 
fluctuation and vapour quality in natural circulation 
reboi1er·s. This/is supported by Do1gov and Sudnitsyn (61), 
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who f'ound that pulsations in the f'low rate camle 
pulsations of' the wall temperature, whose amplitude 
increases with increasing amplitude of' the flow' rate 
pulsations. Under certain conditions, the authors 
f'ound that the f'low rate pulsations may reduce the 
ef'f'ectiveness of' heat transf'er through the wall. The 
correlat.ion for length-mean coefficients, of Calus et al 
for wat.er is: 
= o. 065 (X~t) (~~f' ) 2.17. 
This correlation w'as modif'ied to f'it the data f'or pure 
liquids other than w'ater, by the inclusion of' a surf'ace 
tension correction factor: 
~p 
'h L 
Data on. the boiling of pure NPA, IPA and their 
azeotropes were successfully. correlated by the above 
equation. 
The ef'f'ect of' surf'ace tension of' the liquid on the heat 
transf'er rate could also be seen f'rom the correlation 
of Piret and Ishin (5), for. lengt.h-mean coefficients, 
obtain.ed from flow boiling of six differe~t liquids, 
in a natural circulation evaporator: 
~pDi = 0.0086 
KL 
2.19 
Jontz and. Hyers (75), found that boiling coefficients 
vary with surface tension of the liquid as follows:-. 
where p varies betw'een 0.65 to 1.04. 
Cryder and Gilliland (76), found that their results 
for pool!boiling of eleven different liquids were 
correlated by the following equation:-
1.1 0.425 Cp r 
= 0.J8 ( K )L 
P 2 2 
(
A_T_=L_D __ K_L )2.39 
}l LJ 
1.65 
2.20 
They claim that. Eqn. 2.20, correlates their own 
experimental results with high accuracy. 
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2.3 THE EFFECT OF TUBE GEOMETRY ON THE PROCESS 
OF TWO-PHASE HEAT TRANSFER 
19 
Most of the experimental work reported in the literature 
on two-phase :flow with heat transf'er, l'laS carried out 
in forced circulation systems. The reason for this is 
that a f'orced circulation system has the attraction of 
having the mass f'low rate bei~g independently controlled. 
Further most researchers worked on one size tube and 
theref'ore had no basis for judging the ef'fect of tube 
size. 
Govier and Short (15), studying two-phase air-liater 
pressure drops in vertical tubes have ShO'tffi that tube 
diameter had an important eff'ect on the hold-up and flow 
patterns. The transition betw'een bubbly to slug f'low 
was found to be independent of' the tube diameter, but 
the transition f'rom slug to froth and annular flow 
regimes w'as found to be dependent on the tube diameter. 
The transition to froth and annular flow occurred at 
smaller volumetric ratios of air to w'ater in the larger 
• diameter tubes for the same liquid velocity. The 
implication of this in heat transfer is that more 
, f'avourable flow regimes are attained at smaller values 
of' vapour qualities and under the same liquid velocity 
in the larger diameter tubes. 
Coulson and McNelly (16), carried out experiments on a 
climbing film evaporator using tubes of varying 
diameters (i, i, * and 1" I.D), but with the ll.mgth of 
the tubes being the same at 5.25 ft. The resulting 
correlation for all tubes was: 
( ) 0.9 0 • 23 o. 34 ( £b) 0 .25 Nu = 1·3 + CDi PrL . ReL .Rev Pv .. 
( ~~ ) 1.0 ___________ 2.21 
where C = 39 ft-l 
and Di = diameter of tube in ft. 
The factor (1.3 + CDi) was found to be necessary in 
bringing the data from the various tube diameters on to 
a single correlating line. 
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The correlation W'as checked against data from Brooks and 
Badger (18), obtained from experiments on a long tube 
natural circulation evaporator using distilled water as 
the test liquid in a copper tube of 20 ft length and 
1.76" I.D., with steam as the heating medium. The result 
was that the Coulson and McNelly correlation represented 
Brooks and Badger data well. This shmoTs that the tube 
length 't..ras found to be of no significance. Also included 
in the correlation of Coulson and McNelly was the data 
of Coulson and Mehta (17), on a tube of 5.25 ft long and 
t" diameter. 
The Hughmark correla~ion,Eqn.2.12,obtained from work carried 
out on thermosiphon reboilers, shows the two-phase heat 
transfer coefficient as being inversely related to the 
tube length, i.e. 
21 
h_ 0< L -0.25 
~l'P , 
L 
LeVy's work (25), included the ( D ) ratio, as a parameter 
a~~ecting heat trans~er in the region o~ annular two-
phase ~low, in' a theoretical analysis carried out on two-
component annular ~low. 
Guerrieri and Talty (8), used two tubes 0.75u I.D. by 
6 ~t length and 111 I.D. by 6.5 ~t length in a single tube 
natural circulation vertical evaporator. Their data 
when plotted as( ~ ) vs vapour quality X, w'ere 
L exit 
~ound to be represented by the same line for both tubes. 
They concluded that the e~~ect o~ diameter must have been 
accounted for by the use o~ the Dittus-Boelter equation 
in the denominator o~ the ordinate. Their experimental 
results, drawn from the study o~ heat trans~er to five 
organic liquids, were correlated using the Lockhart-
Hartinelli parameter: 
where hL 
( 
1 ) 0.45 
= 3.4 xtt 
= 0.023 
_____________ 2.22 
0.8 ~ ) 0.4 
( L 
_____________ 2.23 
To correlate the data ~rom experiments in which the 
nucleate boiling mechanism and the convective mechanism 
liere present, they found necessary to introduce a 
"Nucleate Boiling, Corre ction. i FactorU (NBCF) into the 
Eqn. 2.22. This correction ~actor is a function of the 
radius o~ the minimum size thermodynamically stable 
bubble and of the laminar ~ilm thickness. 
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Collier et al (35), carried out measurements of' the'heat 
transf'er rates on electrically-heated stainless steel 
tubes enclosed in gla,s tubes. The hoiling water in the 
annulus was easy to inspect visually. The size range 
of' the tubes is summarized below: 
Heater O.D., inches 
Glass tube I.D., inches 
Tube length, inches 
0.625 
0.866 
48 
0.375 0.375 
0 .. 551 0.866 
29 29 
Their data, f'or the 'forced convective' region in annuli 
with the same diameter heater and the same glass tube, 
but with differing heated lengths, were correlated by 
very nearly the same equation. Thus they concluded that 
. no 'length t, ef'fect was evident on the local heat transf'er 
coefficient. Also, because the water feed ,.,as circulated. 
by a 'pump'''i7hich has a steadying effect on the flow', it 
Vias difficult to investigat.e t.he effect of the hydraulic 
diameter. 
Kholodovskii (46) found that tube diameter had no 
ef'fect on the circulation velocities of' steam-water 
mixtures in pipes, with diameters of 30, 56 and 76 mm. 
Lee et al (6), w"orking on thermosiphon reboilers using 
tubes of' 10 f't long x 1" O.D., and 5 ft long X.11I Q.D. 
f'ound that the results, obtained f'rom the two tubes, 
were not greatly different, except that the values f'or 
the maximum f'lux, obtained from plots of the .overall heat 
transf'er coefficient U, vs temperature difference AT, were 
somewhat greater f'or the shorter tube. 
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Leniger and Ve1dstra (48), working on vertica1 evaporator 
tube with natura1 circu1ation, used two tubes of 1 and 2 
m 1ength, having inside diameters of 18 and 47 mm. The 
tubes weY.e heated by steam. A comparison of" the test 
resu1ts on the effect of tube size, carried out by 
the authors, showed that at higher boi1ing temperatures, 
the overa11 coefficients for the 2 m tube did not differ 
much from those for the 1 ·m tube. How'ever at 10wer 
boiling temperatures, the overa11 coefficients for the 
1 m tube were higher. They a1so :found that the effect 
of tube diameter, was not clear1y recognised. 
Ladiev (59), carried out experiments in three 1500 mm 
10ng tubes of 24, 38 and 52 mm in diameter, in natural 
circulation loops, at atmospheric pressure using water. 
They correlatecl graphically their heat. t.ransfer results, 
and concluded that increasing tube diameter did not affect 
t.he heat transfer rat.e significantly. 
Noissis (53), carried out a simpli:fied ana1ysis to 
predict the process o:f transition from a nonhomogenous 
slug to a homogenous foam or frothy f10w regime. The 
result of his ana1ysis was tested on the data for air-
water f10w in a one inch diameter pipe. The comparison 
of the analysis ld th experimenta1 data of other authors 
for tube diameters ranging :from 0.5 to 1.025 inch, 
showed that increasing the pipe diameter acce1erated the 
transi tion process. This is in agreement ,.,i th the 
findings of Govier and Short (15). 
---------------------------------------
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C011ier (1), considered the re1ationship bet1"een heat 
~1ux and geometry. He used the term 'Critica1 Heat Flux' 
(CHF), to denote the state o~ the system ".,hen a 
characteristic reduction in heat transfer coef':':icient 
has just occurred. He stated that the relation of' the 
CHF to tube diameter is not c1ear. On pages 248 and 249 
of Ref. 1, he examined some experimenta1 res~ts from the 
1iterature and concluded that the CHF increases l"ith 
increasing diameter at a constant subco01ing, but that 
the CHF decreases lYith increasing diameter at a constant 
vapour qua1ity. 
The relationship between the CHF and the(h) ratio, was 
investigated by Low'dermi1k on p.l72 in Ref. 49, and 
Shitsman on p.167 in Ref. 49. Both investigations 
reveal that the CHF is inverse1y re1ated to the ( LlJ ) 
ratio. This suggests that a larger diameter or a shorter 
length increases the CHF. 
The literature reViel'i on the subject of the effect of 
tube geometry on the heat trans~er rate does not give 
any conclusive resu1ts. Most of the authors thLnk that 
-L 
the (IT) ratio is not a factor in the heat transfer 
process. Some authors think that tubes of' larger diameter 
~avour better heat transfer, but most of the authors 
give inconclusive anSw"ers on this subject. 
~-----------------~~~~~~------
2.4 TWO-PHASE FLOW INSTABILITIES: THEIR INFLUENCE 
ON TlfO-PHASE HEAT TRANSFER F')R DIFFERENT TUBE 
GEOMETRIES 
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F10w instabi1ities are found to occur in boi1ing systems, 
because of the existence of compressib1e volume withLn 
the boiling liquid. These osci11ations occur-more 
readily under natural circulation than under forced 
circulation (24, 39, 42). The reason for these 
oscillations to occur -is that, when a s1ug, formed in a 
heated channel, reaches the heater exit, it causes the 
pressure drop to decrease with the result that liquid 
rushes in to the channel. This liquid surge is slowed 
dO"tffl due to the large frictional losses resu1ting from 
this surge. As a result of this slowing down a reduction 
in flow rate, f0110wed by accumulation of' vapour 
generated, occur. This vapour forms a slug and on 
reaching the channe1 exit, the cycle is repeated.. The 
analogy to osci11ation of a mechanical system is c1ear, 
when the mass floW' rate, pressure drop, and voids are 
considered equiva1ent to the mass, the exciting force 
and the spring of the mechanical system (49). 
Flow oscillations are undesirab1e in two-phase f10l~ 
systems, because they cause vibration of components and 
a1so they affect the 10cal heat transfer characteristics 
(49). Flow oscillations are encountered in air-1ift 
pumps, where they are responsib1e for an energy 10S8 and 
hence lower the efficiency of the pump (56). 
The problem of predici:ing the conditions at which 
oscillations begin ,.,as first reported by Ledinegg (60). 
He observed that unstable flow occurred when the 
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steady state channel pressure drop vs flow rate exhibited 
a negative slope. Tong (49) mentions that this means 
that three possible flow rates exist, for a given 
constant total pressure drop, between which oscillations 
occur. 
Jain: et al (19), made measurements of flO'\'1 and pressure 
oscillations over a range of steady p01-ver inputs to a 
natural-circulation boiling ,.,ater loop, for several riser 
and test section geometries and over a pressure range 
of 200-1000 psia. Their results show"ed that, depending 
on existing £'101., pattern, geometry and pressure, different 
patterns of' hydrodynamic instabilities are fotmd. . ,·ath 
respect to the geometry they have found that. 
increasing the diameter, increases stability. They 
explained this on the basis that a narr01~ flow path in 
the t,.,o-phase region tends to block off the effect of 
an internal vapour burst, ,.,ith the resu1 t that the inlet 
flow rate is more strongly affected. The effect of' 
increasing the test section length was found to destabilise 
the flow, and their explanation of this was that a longer 
t,.,o-phase region corresponded to a t softer spring', in 
analogy to mechanical oscillations. 
Veziroglu and Samuel (22), investigated the flo,~ 
instabilities in single-channel forced convection boiling 
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upwards flow, using Freon-ll as the. test fluid. Two 
major modes of oscillations were identified. The first 
of' high f'requency and l'I·as called I density wave t 
oscillation. This type of oscillation was found to 
occur on the positive part of the pressure drop-mass 
flow rate, curve.The second type of oscillation was: 
characterised by low frequency and was called tpressure-
drop' oscillation. This corresponded to the negative 
portion of the pressure drop-mass flm~ rate curve. The 
frequency of the 'pressure-drop' oscillations l'I·as found 
to decrease with increasing heat input and w·ith 
increasing mass flow rate. I The period of the pressure-
I 
drop oscillations 1~as found to be governed mainly by the 
volume and compressibility of the vapour in the system. 
Neal and Zi vi {54}, also :found that increasing the flm~ 
rate promotes the stability of a natural circulation 
system. 
Spigt et al {23}, made experimental and theoretical 
studies on the stability of boiling in a vertical natural 
circulation system. Heat was generated by an electrically 
heated element and transformed to water circulating by 
natural convection under pressures of up to 30 atmos~ 
Two shroud diameters surrounding the heating element 
used were 50 and 60 mm. : Using a range lof pressures and 
I 
operating conditions, they obtained the inlet pressure 
fluctuations. It was found that the amplitude of these 
fluctuations was a function of the input power. Plots of 
the root mean square of these fluctuations against power 
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input revealed that stability was improved in the 
.case of the larger diameter shroud. They also found t.hat 
under the same pressure and power input, the mass flo1of 
rate in the 60 mm shroud was approximately three times 
as high as that in the 50 mm shroud. 
Beckeret al (24), carried out an extensive experimental 
and theoretical programme in order to investigate the 
.effect of a nUmber of variables on the hydrodynamicsof 
the system. Their experimental programme was carried 
out in a stainless steel apparatus. Ducts of inner 
diameters 20, 30 and 36 mm having lengths of 4890 mm for 
the 20 and 30 mm ducts and 4420 mm for the 36 mm duct, 
''lere used. Desalinated ","ater was used as the ''lorki.ng 
fluid. Their results showed that the stable power density 
(i.e the power level at which the instabilities started) 
increased with increasing diameter, suggesting a more 
stable duct for the larger diameter duct. Their results 
also showed that a decrease in the boiling channel length 
increases the critical power densi.ty. 
Many workers tackled the problem of the relationship 
between flow patterns and fluctuations (36, 71). These 
investigations showed that different flol., patterns" are 
associated with fluctuations having different 
characteristics. 
This review shows that an increase in the heat flux 
increases the intensity ofinstability,!and that the onset 
I 
of instability in larger diameter tubes occurs at higher 
heat fluxes. 
2.5 Flon boiling of binary liquid mixtures 
The rat.e of bubble growt.h in a single-com'ponent liquid 
depends on the heat flow towards the vapour-liquid interface 
to provide the latent heat of vaporization. In a binary 
syst.em, the diffusion of heat is linked to the diffusion 
of the more volatile component (NVC), which is rapidly 
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exhausted in the liquid immediately adjacent to the interface, 
the bubble growt.h rate reduces sharply since the diffusivity 
of the HVC is an order of magnitude lower than the thermal 
diffusivity (1,,0). 
St.ephan and Korner (34), assumed t.hat in nucleation, the 
temperat.ure difference for a given heat flux, increases 
linearly with the concentration difference (y* -x). In Ref. 
77, it has been found that this relationship is not linear 
and the constant of proportionality was replaced by a factor 
F defined as folIous: 
F = fi-(y* -x) (-D~OI.-L . AB, ) ( dT dx )J---------- 2.24 
The process of i'low boiling of binary liqui ds, in addition 
to the basic resistances to heat and mass transfer present in 
pool boiling,is further complicated by the hydrodynanic~ 
aspects of the flow. 
Piret and Isbin(5), and Calus et al (20), used. the ratio 
6H20 ( 6
L 
) in their equations correlating data for water 
and other single-coJ:lponent liquids. In boiling of binary 
liquid mixtures, the concentration gradient in the liquid 
phase, due to the continual removal of the rWC froJ:l the 
liquid adjacent to. the vapour-liquid inter:face, causes D. 
gradient in the surface tension. lience the acting surface 
t.ension is that corresponding to the concentration of the 
liquid at. the interface. Therefore in case of binary mixtures 
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the ratio ( ). is equally impor~ant. provided that tYIO 
61 .condi~ions are sa~isfied: first, that the surface tension 6i 
used is that of t.he binary liquid at tr.e int.erfacial 
concentration xi, second,t.hat the t.emperature driving force 
ATf , is t.he difference between the wall temperature and the 
sat,uration temnerature of t.he mixt.ure at the interfacial 
- . 
c.oncentration (see Figs. 2.5.1 to 2.5.3). However these 
int.erfacial values, as argued in Ref. 21, could not be 
obtained unless the relat.ive resistances for Iilass transfer 
in the vapour and liquid phases are known. This difficulty 
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was overcome by ut.ilizing the fact that in most mass transfer 
processes, the major resis~ance to the diffusion of the 
HVC lies in t.he liquid phase, then xi would be expected to 
b t f f ~ Th' t t" *. '1 b " e no ar rOIil x. 1S concen ra 10n x 1S eaS1 y 0 ta1ned 
from the vapour-liquid equilibrium diagram for any bulk 
liquid concentration and hence the corresponding surface 
tension 6;. To correct for the fact that the effective 
* t_emperature dri vine; force (Tw-T ) is smaller than the apparent 
t.emperat.ure driving force (Tw-Tsat),' the factor F should be 
inc'luded in correlat.ions for flow hoiling of binary liquid: 
mixt.ures. The relationship between the two types of temperature 
difference is of the form: 
-------------------- 2 25 • 
3. APPARATUS 
3.1 The Nine-Compartment Tube Apparatus 
A layout of' the apr,aratus is shown in Fig. 3.1, on ,.,hich 
the various items of the rig are indicated with numbers •. 
A stainless steel reboiler tube (1), Figs. 3.2, 3.3, and 
3.4, assembled from nine identical sections, was used. Each 
section has an inside diameter of 0.872" and an outside diameter 
of 1.0012", with a heated length of 8 inches, hence giving a 
total heated length of 6 ft for the assembled tube. 
Each section has an independent steam jacket, formed from 
a 3" O.D. outer tube, concentric with the reboiler tube. Each 
section has an independent steam supply line, air vent, conden-
sate outlet for the condensate formed on the reboiler tube, and 
a separate outlet for the condensate formed on the steam jacket 
wall. Figure 3.2 illustrates the method of collecting these 
two types of the condensate. Thermocouple holes (1/81f ) ,,,ere 
drilled into the bottom flange of each section and liquid 
sampling points ,,,ere installed. 
The assembled tube is mounted on a stainless steel pre-
heater drum (2) (2l.t:" long x 9" dia.) that contains a steam 
heated, stainless steel coil. On the top of the reboiler tube 
is installed a vapour/liquid QVF separator (3) (3" dia. by 1511 
high) that leads most of the liquid to a liquid return line. 
The vapour issuing from the top of the separator with entrained 
liquid, passes through two cyclone separators arranged in series 
(4) and (5) (QVF Catalogue Number CY 7/D, 14.611 dia • .,inlet tube 
dia. 2", vapour outlet tube dia. 3" and a liquid outlet tube 
dia. lin). 
The vapour leaving cyclone (5) enters a water cooled copper 
condenser (6) comprising 25 copper U-tubes, each 54" long and 
2 19/32" O.D., giving a cooling area of 17.5 ft • The condensed 
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vapour passes through a submerged orifice flowmeter (7), described 
in Fig. 3.5.b. 
The liquid return line from the vapour/liquid separator 
joins the two liquid downcomers from the two cyclones and enters 
the circulating liquid orific~ flo\~eter (8), shown in Fig. 3.5.a. 
The vapour condensate and the circulating liquid line from 
the orifices lead to a stainless steel reservoir tank (9) (1' 
dia. x 2' high), from which the liquid is pumped back, by a 
centrifugal pump (10) (Stuart-Turner Ltd., size No. 12, character-
istics 720/150 GPH - 10/45 FT.), to the QVF glass capacity vessel 
(1[.1:) (4" dia. x 9 ft high) that is mounted on the preheater drum 
(2). On top of the capacity vessel is installed a water cooled 
condenser (11), to condense any vapour escaping to the atmosphere. 
The level of liquid in the reboiler (submergence) was noted 
by referring to a scale on the capacity vessel. The s. s. 
reservoir tank has a ball valve (25) and a ~It copper line 
connecting it to the glass capacity vessel. This ball valve 
arrangement helps to maintain a constant liquid level in the 
glass capacity vessel: if the pump delivers more than the stain-
less steel reservoir tank receives, the liquid level in it drops 
and the ball valve opens allowing the deficiency in liquid to 
return to the stainless steel tank and vice-versa. 
The water cooled condensers (12) and (13) are mounted on 
the vent from the reservoir tank and on the circulating liquid 
orifice flowmeter respectively. 
steam is supplied to each section of the reboiler tube from 
a manifold arrangement. The pressure in the steam line was kept 
constant using a Baily steam pressure reducer valve (type G4). 
Two steam lines were used; one for working with pressures above 
50 psig and the other for pressures below 50 psig. The steam 
\~~---
pressure is indicated by two Bourdon type pressure gauges 
(15), with ranges of (0-50 psig) and (0-100 psig). The steam 
temperature is indicated on a mercury in glass thermometer (16), 
+ 0 
reading with an accuracy of - 0.1 c. The steam is supplied to 
the apparatus from a departmental gas-fired boiler, usually 
operated at a constant pressure of 150 psig. 
The steam condensing in the test sections is led from each 
section separately to measuring cylinders. The condensate from 
. the reboiler tubes is led to nine stainless steel measuring 
cylinders (1' long x 3" dia. 1000 cm3 capacity each) through 
copper pipes of 3/8" O~D.). These measuring cylinders are 
described in detail in Fig. 3 •. 6.0. The condensate from the 
steam jackets is led to a similar set of measuring cylinders, 
described in Fig. 3.6.b. These measuring cylinders ,.,hen not 
used for measurements, acted as capacity vessels preventing 
build-up· of the condensate in the copper lines between the 
individual test sections and their steam-traps. These copper 
lines are of about the same length to equalise the heat losses 
from them, and to minimise these heat losses, these pipes were 
lagged ,d th asbestos tape. 
All the lines containing vapour, from the reboiler tube 
exit to the copper vapour condenser, were lagged with layers of 
\ 
fibre glass and asbestos strings insulation to minimise the 
heat loss to the surroundings. 
A digital voltmeter (Dynamco DM 2006) that had an electric 
typewriter connected to it ,,,as used to record the temperatures 
of the test liquid as given by ten (NiCr/NiAI) thermocouples. 
These thermocouples are inserted through holes drilled in the 
bottom flange of each section and one at the top flange of the 
top section, as shown in Fig. 3.3. The cold junction tempera-
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o ture ,.,as kept constant at 44 C by an electric thermostat appliance 
(AEI Cold Junction Thermostat, Type CJI). 
An Ultra-Violet recorder (S.E. Laboratories Ltd. Type 
Fl0-202) was used to record the differential changes in the 
static pressure at the inlet of the reboiler tube. This was 
done using a calibrated S.E. Laboratories Ltd. (S.E. 
42/H/V/AA/l0 psi D) high stability DC/DC pressure transducer 
po,~ered by a type MSU/SIN - 3704 mains operated Famell 
Variable Stabilised Power Unit ,,,hich delivered a constant 10 
Volts DC. This transducer was connected to the UV-recorder 
via an N04-300 DC amplifer and an N04-110 pOl~er supply. The 
traces resulting from the U.V. -recorder were stabilised using 
a Kodak Linagraph Stabilising Lacquer. 
In addition to flowrneters (7) and (8), the flow rate of 
the condensate and of the circulating liquid can be measured 
by two,alternative meters (28) and (29) respectively. 
The atmospheric pressure was recorded by a mercury barometer 
available in this laboratory. The temperature of the test liquid 
at the inlet to the reboiler tube ,,,as indicated on an Hg-thermom-
eter (31), and the exit temperature was indicated on another 
Hg-thermometer' (22), placed in the vapour/liquid separator (3). 
These thermometers ,,,ere used to provide guidance for temperature 
readings but they were not used for calculation purposes. 
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3.2 The Six-compartment tube apparatu.s, 
Figs. 3.1, 3.7 and Table 3.1 
This differed from the nine-compartment tube apparatus 
in the following respects: . 
(1) The two cyc1.one separators (4 and 5) ,.,ere 
smaller in size (8t" dia., inlet tu.be dia. 
1t", vapour outlet tube dia. 2", and a liquid 
outlet tube dia. 1"). 
(2) The circulating liquid flow rate measurement 
was carried out by collecting a volume of 
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liquid in a (1000 c.c.) graduated glass C?y1inder 
in a given period of time, as recorded by a 
stop watch. The sample w'as taken by operating 
a three-way valve installed on the line leading 
to the reservoir tank (9). 
(3) The reservoir tank (9) and the coil in the 
preheater drum (2), were fabricated from copper 
instead of stainless steel. 
(4) The centrifugal pump (10) was size 10 instead 
of size 12 (size 10 characteristics are 120/40 
GPH-5/20 ft). 
(5) Steam was supplied to the apparatus from an 
electrode boiler that delivered a constant 
steam pressure of 80 psig. 
TABLE 3.1 DINENSIONS OF REB~R TUBES 
Test Section 
and 
heating medium 
Single com-
partment Tube 
Steam 
Single com-
partment Tube 
Steam 
Six-com-
partment Tube 
Steam 
Nine-com-
partment Tube 
Steam 
Material 
of 
Test Section 
Copper, 
Standarn 
Commercial 
condenser 
tube 
'Staybrite' 
nm Steel 
Austenitic 
Reboi1er HeOated Inside Outside Insicle 
Tube Length dia. dia. Heat 
No. ( ins) (ins) ( ins) Trans-
fer 
Area 
(ft 2 ) 
Inside 
Cross 
Sec-
tional 
Area 
( ft2) 
I 47.75 0.485 0.657 0.5052 00001283 
II 48 0.488 0.731 0.5110 0.001299 
Thermal 
Conductivitr 
(Btu/hrft OF ) 
218 
k = 242 ( 
0.0382.5 + 
0.0000375T) 
~ 
Stainless III 48 0.5 0.625 0.5240 0.001366 k = 9.36 + 
+ 0.005 x .1.8 
x (T-100) 
Steel 
18% Cr,8~rNi 
Stain1es~ 
Steel A269 
Grade 316* IV 72 0.872 1.0012 1.3697 0.004147 k = 9.15 + +0.0066T 
T 
Steam Heat 
Transfer 
Coefficient 
(Btu/hrft2oF) 
2000 
used in Ref. (68) 
~8':'0 
used in Ref. (29) 
ho = 3826 - 0.01-~j· 
q is In .. 
(Btu/hI' .·ft ~ 2) 
ho = 3826 -0.01 q ~ 
q . is in 
(Btu/hr.ft. 2 ) 
---,-- .. -.. -------------~--
* Composi t ion1 Cr (16.5-18%) ,Mn (0 • .5-2 . 0%) , Si (0.2-1. 0%) , C (0.077£ Hax) ,Ni (11.0-13.0%) ,1>10 (2.25-3. 0%). 
!E T = (Tsteam + ~2average (iq • .) 0c 
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Key to Figure 3.1 
S = Sampling Point 
1. Reboiler tube 
2. Preheater. drum 
3. Vapour-liquid separator 
4. Cyclone Separator 
5. Cyclone Separator 
6. lvater cooled copper condenser 
7. Vapour condensate orifice flowmeter 
8. Circulating liquid orifice flowmeter 
9. Stainless steel reservoir tank 
101;1 Centrifugal pump 
11. Water cooled glass condenser 
12. Water cooled glass condenser 
13. Hater cooled glass condenser 
14. Glass capacity vessel 
15. Pressure gauges 
16. Hg-thermometer 
17. Valve 
18. Three-way valve 
19. Valve 
20. Three-,.,ay valve 
21. Three-,,,ay valve. 
22. Hg-thermometer 
23. Feed point to the apparatus 
24. Valve 
25. Ball valve 
26. Valve 
27. Drain valve from the reservoir tank 
28. 1000 c.c. graduated glass vessel 
29. Circulating liquid measuring cylinder 
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30. Cooling water outlet Hg-thermometer 
31. Inlet to reboiler tube Hg-thermometer, 
32. lvater manometer 
33. Air vent 
34. Liquid feed sampling poin~ 
35. Drain valve on th.e preheat.er drum. 
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Fig . 3 . 9 l ine-comp artment tube IV a pp aratus. 
A view of the l ower part o f the rig . 
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Fi G' 3 . 10 Nine -c ompartment tube IV a pparatus . 
A view of the u pper part of the rig . 
4. Experimental procedure and 
4.1 Experimental procedure 
accuracyl 
i 
I 
i 
The experimental procedure is described with the aid of 
Fig. 3.1, on ''lhich the vla-ious items of the rig are indicated 
,dth numbers. 
Distilled water was used in all the ~eriments involving 
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boiling water t and also to make up the hinary solutions 
to the desired concentration. The Ethylene Glycol used in the 
experiments involving binary solutions as the test liquids, was 
supplied by Hopkin and lvilliams, .Chadwell Heath, Essex, which 
had a purity of over 99% bylvt. The test liquid could be 
added through the funnel (23) at the top of the reservoir tank 
(9) and withdral'/n by opening either valve (27) or (35). 
The cooling water valves liere turned on to the vapour 
condenser (6) and to the three vent condensers (11, 12 and 13). 
The circulating pump (10) was then switched on. The steam 
valves (17) and (19) l'lere then opened. All the steam lines 
were first flushed by directing the steam flow to bypass exit 
lines to clear them of air and dirt. The steam pressure on 
the lines to the steam heated stainless steel coil in the pre-
heater drum (2), and to the reboiler tube (1), lrere maintained 
at the desired values by adjusting the corresponding pressure 
reducer valve. 
The apparatus was allo,.,ed to reach equilibrium conditions 
l'lhich usually ''1as attained in about t,.,o hours. This was 
indicated by the steadiness of the temperatures of the test 
liquid at the inlet (31) and outlet (22) of the reboiler tube 
and of the steam temperature (16). The temperature of the 
test liquid in the nine sections of the reboiler tube, and the· 
two liquid l~vels in the t,.,o orifice flowmeters (7) and (8) 
were also used to check the steadiness of conditions in the 
apparatus. 
The procedure of taking readings from the apparatus, after 
it has reached equilibrium ,conditions, was lengthy and there-
fore it'lias important to ensure that the equilibrium was 
maintainf'd. This was indicated by the following temperatures 
lihich liere recorded at ten minutes intervals: 
(a) 
(b) 
(c) 
at the inlet and outlet of the test liquid 
(31 and 22) 
at the steam inlet to the reboiler tube 
jacket (16) 
of the test liquid in each of the nine-com-
partments. The test liquid temperatures were 
printed out, by the electric typewriter 
connected to the Digital Voltmeter, and the 
average of these readings was utilized in 
the calculations. 
The steam condensation rate on the individual sections of 
the reboiler tube was measured by collecting volumes of steam 
condensate from the steam traps in 2-litre beakers, ov~r 
a given period of time using a stop clock (the period of 
collection was usually over 40 min.) These volumes of condensate 
liere measured using a graduated cylinder, noting the temperature 
of the condensate at the time of measurement. Alternatively 
the measurement of the condensate flolfrate could be carried out 
in the measuring cylinders (Fig. 3.6.a), by shutting the tn cocks 
following these cylinders and recording the time periods required 
to fill a certain height of these cylinders by using a set of 
stop-watches. On frequent occasions the steam condensate flow-
rates from the outside tube jackets liere measured. This lias 
done to estimate heat losses from the jackets and to check 
lihether flooding in the steam jackets occurred.' 
The submergence level was observed regularly and noted 
dOlm at intervals. Tile Hg-thermometer at the outlet of the 
,.,ater cooled copper condenser (30) ,.,as noted regularly to 
ensure a low cooling water outlet temperature (~30oC). 
lfuen a binary liquid was used as the test liquid, samples 
were withdrawn,' for concentration measurements, from the nine 
points along the reboiler tube and other points, indicated in 
Fig. 3.1 by the letter (S). The refractive angle was then 
measured using an Abbe refractometer, and the concentration 
,.,as obtained by referring to a chart of refractive angle versus 
composition, obtained by calibration. 
A record of the fluctuations in the static pressure at the 
inlet to the reboiler tube was taken using the Ultra-Violet 
Recorder and the resulting imageiwas stabilised by spraying 
I 
it with a stabilising agent. 
Finally, the vapour condensate and circulating liquid 
flowrates were measured. The vapour condensate flowrate ,.,as 
measured by either collecting a certain volume in a graduated 
cylinder over a given period of time, by operating the three" 
,.,ay valve (21) or by allOl.Ting the vapour condensate to fill a 
certain volume of the (1000 c.c.) graduated flask (28), 
installed above the three-way valve, over a given period of 
time. 
The circulating liquid flow rate was measured by shutting 
a butterfly valve (24), and allowing the liquid to fill a certain 
height of the calibrated QVF-glass tube (29) (3" dia. x 2' long), 
and the time tal<:en was measured ,dth a stop watch. In the 
case of the six-compartment tube, the measurement was done by 
operating a three-way valve on the line and collecting a certain 
volume of liquid in a graduated cylinder over a given period of 
time. The former procedure was more suitable for the nine-
compartment tube because of the high flowrates. 
On shutting down, the digital voltmeter and the UV-recorder 
were switched off. The valves on the overhead steam lirtes 
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were closed.This was followed af~er a few minutes 
by opening the three-way valves (18) and (20) -;'0 
direc~ the steam. and the condensate to drain.This 
sequence of operations allowed for the exhaustion 
of the steam from the lines leading to the apparatus. 
Last of all, the cooling water valves were closed, 
and the pump (10) was switched off. 
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4.2 Experimental accuracy 
Errors in the experimen~al results of this work are caused 
by the following factors: 
(i) Heat losses fror.l the surface of the apparatus. 
(li) Errors in the measurements of tem~eratures. 
(ili) Errors in the measurement of the condensate flow 
rate. 
(iv) Errors in the measurement of the flo\7 rate of the 
. circulating liquid. 
(i) Heat losses from the surface of the apparatus 
Heat losses from the vapour-liquid sepal:ator, the two 
cyclones and the vapour conveying lines to the vapour 
condenser were minimised by lagging them with layers of 
asbestos and fibre glass. No detectable temperature ~radient 
.betneen the laggina and the atmosphere was found .. Hence 
these heat losses were assumed negligible. 
(i1) Estimating the errors in the measurement of temperatures 
A Bailey reducing valve regulated the steam pressure.Hence 
the steam temperature.cfluctuated within the limits of.O.l °C. 
The mercury NPL-tested thermometer used to read the 
steam temperature, was able to be read to :I: 0.1 °c. Both 
. , 
these errors introduce a combined error of :1:0.2 °c or ±O .36 OF 
on the steam temperature. The steam thermometer readi.ng was 
periodically compared with the steam temperatu~e crirresporiding 
to the steam pressure as given in Steam Tables. 
Bulk temperatures of the liqUid in the reboiler tube, were 
measured by a series of calibrated ~hermocouples along the 
reboiler tube. THe thermocouples ~eadings were typed by the 
. electric typewriter connected to the digital voltLleter .Usually 
ss 
: , ~ I 
over twenty such readings were recorded for each thermocouple 
in a particular experimental run. Each reading has an error 
of :1:0.01 mV. However takin~ an ave:rage of these readings, it 
is reasonable to assume that the accuracy of each thermocouple 
o is ±0.005 1lV, which corresponds to an accuracy of ±O.l2 C or 
o ~O.22 F in the tempera~ure measurement. 
These errors in the temperature measurement affect the 
temperature difference bet\veen the temperature . at the entrance 
and that a~ the .exit. of the test section and allount to ~(ATb) = 
2·X(:!:-O .22 of) = ~O .44 of. This error determines the error in the 
* heat balance across the test section. 
The other quantity affected by the errors in the temperature 
measurement is the overall temperature difference between 
the steaIil. temperat ure and the boiling liqUid temperature, AT ov • 
The error in this difference aIil.ounts to ~(AT ) =:1:.0 .36±o .22 = ov 
o 
±0.58 F. 
It shou~d be remembered that the thermocouple error mentioned 
above is only a reading error in the data logger.The thermocoupl~ 
es were calibrated beforehand and a calibration· correction 
was always applied to the readings from the data logger.These 
corrections play no part in the determination of experimental 
errors. 
Thermocouple calibration 
Thermocouple, calibration was done by comparing the temperature 
obtained on the basis of the data logger reading with the 
temperature shown by an NPL-tested a~d certificated thermometer. I 
* Any errors due to heat conduction in the--extension- leads cancelled ---
out because the thermocouple leads were of the same length and in 
the same temperature environment. 
Table 4.2.1 Thermocouple calihration* 
Normal Run Ho. 1 Run No. 2 Run 
location . 
of the Average Correspo- AT Average Correspo- AT Average 
thermocou- E.H.F nding E.H.F nding E .R.F 
pIe on x100 _ - temperat- (A-B) xl00 temperat- (A-B) x100 
the tube ure ure 
mV mV 
°c 
-mV 
°c °c °c 
Cn) (B) 
u Top 231.6 100.70 -0.90 230.0 100.25 -1.05 230.33 
1 233.1 101.10 -1.30 23)1.6 100.65 -1.45 231.77 
2 232.3 100.85 -1.05 230.7 100.42 -1.22 230.67 
3 232.6 100.90 -1.10 231.0 100.50 
-1.30 231.70 
4 231.8 100.72 
-0.92 230.0 100.25 230.00 
-1.05 
5 233.1 101.10 
-1.30 23 0 .5 100.40 
-1.20 231.30 
6 Bottom 231.6 100. 'j 0 
-0.90 250.4 100.35 230.00 
-1.15 
Average 
thermometer 99.80 99.20 
readlng,OC 
(A) 
* These seven thermocouples were also used in the nine-compartmeni tube. 
The additional three thermocouples were calibrated in a similar manner, 
and the final corrections are;for Ho.7= -1.~7°C, for lio.S: -1.21°0, 
0' , 
and for Ho.9= -1.10 C. 
No. :.> 
Correspo-
nding 
temperat-
ure 
°c 
(9 ) 
100.) 2 
100.70 
100.45 
100.68 
100.25 
100.60 
100.25 
99.15 
Average 
AT ~T (A-B) (A~13) 
6_C 
- °c 
-1.17 -1.04 
-1'.55 '-1.43 
-1.30 -1,'19 
-1·53 -1.31 
-1.10 -1.02 
-1.45 -1.32 
-1.10 -1.05 
---_._-_ .. _._,--------
U1 
0'1 
i, 
IThe thermocouples and the thermometer were immersed in a beaker with 
I distilled and boiling water upto the thermometer immersion mark. The. 
I _ __ 
c~Ld junction of the thermocouple was maintained at a constant 
temperature of 44°0. by an electric automatic appliance.Usually 
over twenty readings were taken and a table of the averages 
of these readings for each thermocouple is shown in .Table 4.2.1. 
This procedure was reieated three times and the error for 
each thermocouple averaged. The use of these corrections is 
illustrated in the Sample Calculation in Appendix 9·.2. 
(iii) Estimat.ing the errors in the measurement of the vapour 
condensate flow rate t Vlv 
Re.peated measurements of the vapour condensate flovl I.'ate in 
each run were taken and the maximum deviation calculated.An 
arithmetic average of these maximum deviations from a large 
number of experiments is shown in Table 4.2.2. This amounts to· 
±O.8%for the vapour condensate flow rate. 
The vapour condensate flow' rate was measured to ±l c.c .• and 
usually ~amples of over 200 c.c. nere collected. Therefore 
the error int.roduced is: 
-
xlOO :::!:0.5 %. 
200 
Stop watches reading to ±O.l sec. were used to measure the 
collection time of not less than 60 sec. This introduces an 
error in Wv of: ~·O.l x 100=±0.2 %. 
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Hence t.he combined error in ¥Iv is (:~.O.8 :r.O.5 :1::0.2) %=:1::.1.5 1~ • 
(iv) Estimating the errors in the measurement of the flow 
rate of the circulating liquid,WL 
Repeated measurements of this flow rate showed that the 
average of the maximum deviations. is ± 2.1 % , as sholm in 
, 
Table 4.2.2.This high percentage error is partly due to the 
presence of a fluctuating flow. However uL usually contributes 
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relatively little to the heat transfer balance. 
The liquid circulation rate could be measured to ±5 c.c., for 
, 
samples of about "1000 c.Q. in volume. Hence the percentage 
error in ilL due to this volume measurement is I ± 5 xlOO = 
'1000 
Usually the liquid samples were collected over periods of over 
15 seconds. Hence the error in ViL due to the timing is I 
±O;1 xlOO =%0.7 %. 
15 ." 
The comb;ined error in \'/1 is (:1:0.5:1:. 0 • 7 ± 2 .1) %=~3.3 % 
The error in the total flow rate through the reboiler tube , 
, Vi = ~ VI v + ~ VI L = ± 1 • 5 :t: 3 .3 = %. 4 .8 % 
'fable 4.2.2 
Run Naximum deviation Haximum deviation 
No. of Viv,±% of WL,:I:.% 
IV.308.VI 1.0 0.6 
IV.313.W 1.4 3.4 
IV.310.\'[ 1.0 2.2 
IV .321. Vi 1.0 1.2 
IV;320.H 1.4 . 2.0 
IV.306.Yl Q.4 1.4 
IV.318.VI 0.2 2.6 
IV .319.Vi 1.4 1.2 
IV .311. VI 0.6 3.4 
IV.307.Vl 1.2 2.6 
IV.3 22 •VT 0.2 ;> .6 
IV.324.w 1.5 . 1.) 
IV.325.W 0.5 0.8 
IV .326.\'l 0.5 3.4 
IV.327.Yl 0.7 1.8 
IV .328.rl 1." 2.6 
IV .329 .o'/! 0.1 2.9 
IV.330.V'I 0'.6 " 0.1 
, 
Average 0.8 2.1 
I 
.. ' 
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j. 
(v) The effec~ of the above errors o~ the error in the heat 
transfer rate, Q and the overall heat transfer coefficient,Ui 
The method recommended in Ref. 81 , for ~stimating experimental 
errors is used here. 
The heat transfer rate is calculated by a heat balance that 
requ~res the knowledge of temperatures and circulation rates 
of vapour and liquid . This is shown below: 
Therefore-
This in case of water , after substitution for Hlv = 971 
Btu/lb and 0pL=l Btu/lbop gives: 
~ Q = 971 & VI v - ~Tb & W - W S (~Tb) -:---------------4.1 
By the sane method , expe~imental errors in the overall 
coefficient of heat transfer based on the tube inside surface 
area are evaluated, 
Ui= Q 
'AiATov' 
1 t ~Q --. --'AT'Q';- , -----4.2 . 'Ai*-
Since from Sections (ii),(iii),and tiv) wc have. 
% error in Wv ::I:;l.5 
9; error in VI = ::4.8 
S (bTh)- 0 : :to .44 F 
b (bTov) 0 and = :i: 0.58 F 
The percentage errors in Vlv and W were converted into ~ flv and 
:jt:. , . . .. .." , .. "" - . . - ., " 
The percentage error in the measurement of the diameters is 
~O.005 % .Hence it has been assumed that the error in qi and Ui 
resulting from the error in Ai is negligible. 
Run no. 
IV.551.W 
IV .336. w 
IV.349 • VI 
IV.332.W 
IV .329. VI 
IV .323.W 
IV .315. Vi 
IV.320.W 
IV.324.\'1 
IV.343.TI 
Average 
Table 4.2.5 Experimental error in Qi 'and Ui 
~ (aTov ) = ± 0.58°F 
&(ATb) = ±.0.44°F 
Length- Wv b Vfv 3W W 
.A Tb % mea.n 
heat at errOr exit 
flux in 
qi b.Tb 
15329 23.1 ± 0.35 1000 ±48.0 5.8 !11.6 
17504 26.8 :!: 0.40 882 :!: 42.3 2.2 :!:20.0 
25195 40.1 :!: 0.60 958 :!:46.0 4.1 ±10.7 
28666 51.3 :!: 0.77 1921 :!:92.5 5.4 :!: 8.2 
38527 60.7 ±0.91 1407 :61 .5 4.3 ±10.2 
49734 79.1 ±1.19 1460 :!:70.1 5.6 :!: 7.9 
58960 86.2 :1.29 789 ±37.9 3.8 ±11.6 
64934 96.9 :!:1.4;i; 870 ±41.8 5.8 ± 7 .6 
72271 10a.3 :!:1.62 1320 :!:63.4 4.3 :!:10.2 
77563 112.7 :!:1.69 751 :!:36.0 4.1 :!:10.7 
:!:10.9 : 
----------- - .-_.---------._--------_._----------- '.- ---.--~.- ... "" .... _-
Hea.t flow rate 
$Q Q %error ATov 
from in Q, Eqn.4.1" or qi ~ - -~ .. 
± 962 18257 :!: 5.5 24.0 
:!: 8'[0 23975 :!:3.6 31.3 
±1195 34510 ± 3.5 41.3 
:!:2095 39264 ± 5.3 44.8 
:!:1793 52770 ± 3.4 53.5 
±219° 68121 ±3.2 66.0 
±1744 80758 :!: 2.2 69.5 
±2033 88940 :!: 2.3 78.3 
:!:2504 98990 :!:2.5 89.3 
:!:2119 106238 :!:2.0 91.6 
+~ 3 
-). 
7G 
error 
inATov 
:!:2.42 
:!:1.85 
±1.40 
±1.29 
±1.10 
±0.88 
:!:0.83 
:!:0.74 
±0.65 
:!:O .63 
:!:1.20 
Overall 
coefficients 
SUi 
from 
l!;qn. 
4 2 
"" 
A2.7 
~3 0 • 'I 
29.7 
f!42.4 
+32.3 
±30 .9 
:!:25.4 
±25.1 
±25.7 
:!:22.3 
Ui 
"556 
~59 
610 
640 
720 
753 
848 
829 
810 
847 
% 
error 
in Ui 
:!: 7 .6 
;!: 5.5 
± 4.8 
± 6.6 
:!: 4.5 
:!: 4.1 
:!: 2.9 
±3.0 
:!: 3.2 
:!: 2.6 
:!: 4".5 
en 
- 0 
~IT when used in Eqns. 4.1 and. 4.2. 
The errors in Q and Ui , have been evaluated from Eqns. 4.1 
and 4.2 respectively. These calculations have been performed 
for a number of representative runs with uater, covering the 
full range of heat fluxes. The results of these calculations 
are reported in Table 4~2.3. 
(vi) Evaluating the error in the two-phase heat transfer 
coefficient , hTP 
The method recommended in Ref.81 , is used here. 
hTP is calculated from: 
1 1 Di In (Dol Di) Di 
= -hTP· . u·· . 2 Kss Do ho ~ 
for tube IV this becomes I 
1 
= 
1 0.005 0.812 
hTP U·' K ., .. h . . J. ss 0 
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, I 
d (l/hTP) ~ Ui 
'd Uf" 
d (l/hTP) g Kss _ d (l/hTP) S ho 
~ Kss ,. . d ho ' . 
. b (. 1 ~ _ - $ U i +- _0...;. • ..;..00-..:5~~----=Ks=s=--_ + --.;0;...!,.;:;:..8 7.!...:2=-..:~:::...h;::.\0l-.-. 
.. \.:.hTP -:; - Ui 2 . " Kss2··.. ho 2 
f'or Kss = 10 Btu/ hr ft of wi th an error of ± 5 % 
:. ~ Kss ==0.5 and Kss2 =100 • 
also for ho=3000 Btu/hr ft2 of with an error of±20 % (see 9.5) 
:. ~ ho::-:600 and h02 = 9000000 
0.000025 ± 0.000058 
Table 4.2.4 Experimental error in hrr 
Overall coefficients 
Run qi ,...' ~Ui 2 bUi Ui /:1 Ui . 110. -errOl 
. Ui 2 in 
Vi 
IV.351.{i 1))29 556 ":!: 7 .6 :!: 42 ~ 09156 :!:O.000136 
IV.336.ri 17504 559 :!: 5.5 :!: 31 312481 ±O.OOO099 
IV - 11.9 ." 
.,. • ~J 25195 610 :!: 4.8 :!: 29 372100 :!:O.OOO078 
IV .332 .H 28666 640 :!: 6.6 :!: 42 409600 :!:O.00OlO3 
IV.329.H 38527 720 :!:4.5 ±32 518400 "to. 000063 . 
I V .:; 23 • VI 497)4 753 :!:4.1 :!:31 567009 f!:O .000055 
I V .315 • • f 58960 848 :!: 2,9 ±25 719104 0.000035 
IV,)20.~i 649;.;4 829 ±;.i.0 ±25 687241 0.0000)6 
IV.) 24 ,:'; -,22 r/l 810 ±3.2 ±26 656100 0.000040 
IV .343. H 'n 5(1) 847 ±2.6 :!:22 '{l7409 0.000031 
Average :!: 4.5 
~( 1 ) 
h,£P 
_L 
from ECJ.n h,£P hTP 
4.3 
:0.000219 949 0.001054 
:1:0.000182 958 0.001044 
:!:0.ooo161 1123 0.000890 
:!:0.000186 1233 0.000811 
, 
:!:0.000146 1587 0.000630 
±0.000138 1778 0.000562 
:!:0.000118 2459 0.000407 
:1;0.000119 2331 0.000429 
:!:0.OOO123 2207 0.00045) 
:!:O.OOO114 25;:.6 0.000394 
HiGhest, 
---
and lowest 
values of 
h·T1) 
1198- 786 
1160 816 
1372 952 
1600 100, 
2066 1289 
2359 1429 
3460 1905 
3226 1825 
3030 1756 
35'/1 1969 
ila::dmuI:l. 
l)Ossible 
'percentage 
error in 
hT? 
-+ 26.2 -17 .2 
+21.1 _14.8 
+22.2 ..:.15.2 
;-29.8 _18.7 
+30.2 _18.8 
;-) 2.7 _19.6 
+40.7 _22.5 
+38.4 _21.7 
+)7 .:> _21.3 
T 40.8 _22,1;· 
+31.9 _19.2 
- ~",-.,."", 
en 
IV 
:. & ( 1 ) = 
. hTP' ----------- 4.} 
Eqn. 4.3 ,·can be used to evaluate the errors in hTP. These 
calculations are reported in Table 4.2.4. 
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Figs. 4.2.1 and 4.2.2,show ihe variation of the percent~ge error 
in Ui and hTP with heat flux. It appears from Tables 4.2.3 
and 4.2.4 , that the heat flux correlates best nith the 
errors in Ui anQhTP , and therefore qi is used in these 
Figures as an abscissae.It could be seen from Fig.4.2.l, that 
the percentage error in Ui decreases with increasing heat 
flux. This is because the liquid ci~culation is hieh in 
the re~ion of low heat fluxes, and the percenta~e error 
in W is relatively large. 
Experimental error in the two-phase heat transfer coefficients 
is also plotted against hTP in Fig.4.2.5, as in the 
tJ Discussion Chapter" ,the idea of heat transfer coefficient 
i~ used very frequently. This relationship is of the sane 
kind as that in. Fig.4.~.2, which is obvious from Table 4.2.4 •. 
{vii) Estimating the error in the quality, X 
The two-phase mixture quality is defind ass 
X = Wv. 
\'1- . 
The percentage error in Wv is ±1.5 % , and in W it is ~4.8 %. 
Application of the method of Jenson and Jeffreys (81) , shows 
that the error in the mixture quality is ±6.3 .%. 
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(-viii) Estimat::.ng the error in ( 1 ) 
- -Xtt 
66 
Using the method recommended by Jenson and Jeffreyo (81), the 
error in(l/Xtt) is calculated as follows: 
1::( X 30 t <>L )o·t flv ·~O.l 
'Xtt - I-X· - ev . - .' "JlL .. 
Ignoring the errors in the physical properties , the error 
for a two-phase mixture of water and its va'pour, is calculated 
as follows. 
where 
S ( 1 ) =: 29 
Xtt -
0.1 _ 29 for watGr. 
d 
---
. dX 
26.1 b X 
------------- 404 
Hence the error in (l/Xtt) , is ca1cula-t.ed using Eqn. 4.4 , 
for different values of X, as shown in Table 4.2.5. 
Table 4.2.5,Error in ( 1 ) 
-Xtt -. 
.. I 
x, ::Ht • (I-X) ( ~tt) (1_X)1. 9 XO.1 bX= ~(--L) 1; error fraction 0.063X 
-Xtt in (2-) 
Xtt 
0.02 0.98 0.87 0.96 0.68 ±0.0015 ± 0 .05 ± 5.8 
.- . 
0.1 0.90 4.00 0.82 0.79 ±0.0063 ±0.25 ± 6.3 
0.2 0.80 8.}O 0.65 0.85 ±O.0126 ±0.60 ± 7.2 
0.4 0.60 20.00 0.38 0.91 ±0.0252 ±1.90 ± 9.5 
0.6 0.40 42.00 0.18 0.95 ±o .0578 ± 5.77 ±13 .7 
67 
.' 
Table 4.2.6 Summary of experimental errors 
Variable Error 
. 0 Tb ± 0.22 F 
0 
Ts ::to 0.36 F 
0 
ATb ± 0.44 F 
, , 
.6Tov 
. 0 
, ::C 0.58 F 
Vlv,Gv :i:'l.5 % 
WL GL ~ 3.3 % , 
w , G ::i: 4.8 % 
Q , qi ±( 5.3 -2) % 
Ui :(7.6-2.6) % 
X ::i:6.3 ~ 
, .. ' 
--L ±(5 .8-13.7) % 
.Xtt 
hTP Average of the 
. 
maxima and minimal 
+31.9 I~ and-19.2 % 
I 
.. ' 
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(ix) Errors in the local heat transfer coefficients 
The calculation of errors described above, was done In the 
basis of ti1e length-mean quantities. In the calculation of the 
local coefficients, there is one additional error nade in the 
measurement of the stean condensation rate on each section of 
the reboile:;:- tube. This 17aS found to be :0.58 %. On the other 
hand, some of the errors involved in the length-mean calculations 
such as S r:v ,b \'[ and S (A Tb ), have no direct effect on the 
local heat transfer coefficient. 
Detailed calculations of the experimental error for hT? fo~ 
section No.7 of Run No. IV.343.W, showed a maximum possible 
error of -21.2 to ~36.7 %, while the maxinum possille error 
in the length-mean hT? for the same run. is -22.4 to +40.8 % 
(Table 4.2.4). The calculation of the above quoted error for 
section Uo.1 of ~un lio. IV.,45.U, is ~iven beloTI: 
From Table 5.1.5, we have the folloning values for ~ection 1fo. 
7 ofRlUl no. Iv.343.W: 
. q 7 = 71561 (corrected)1 
(aTov )7 =91.1 
(hTP)7 ::: 2033 
From the above values TIe get: 
g 7 ::: 10891 . (co~rect.ed) I 
(Uih =785 
The correc.ted value of Q7,1 was obt.ained by the nethod used 
in the Sar:tple Calculation 9.2.1.14 and 9.2.1.15. 'rhe error 
in 0.7' was est.imated with the method of Ref. 81, from the 
relat.ionship: Q,7 = (QSTH)7 (QCIIy'QSTH). \'Iith the component 
er~ors of: in QCIU:t2.0 ~~ (Table 4.2.3) and in (QST~'I)7 anal 
QSTM ±O.58 %, the percentage error in Q7 is ±,.l~ %! 
Also from Secti~n (ii) of this chapter we have: 
Hence. from Eqn. 4.2, we have 
~(Ui)7 = ± 29.9 . 
and from Eqn.4.3, we get: 
~( ·1 . h = :i:.O.000132 
hTP . 
This gives a highest. and a lowest values for hTP of 2778 
and 1603. 
:. lIa:dmum possible percentage error in hTP is _ 21.2 and 
Because the difference betr.een the errors cC'~lcul2.ted for the 
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length-mean and local coefficients is very small, it is suggested 
that t .. he saIile calculated accuracy sho'ITn in J?igs. 4.2.2 and 
4.2.3, is applied to the length-~ean and local coefficients. 
( x) Repeatability of experimental results 
It is very difficult to repeat an experiment under exactly 
the same experimental conditions • Consequently , we can not 
expect to obtain an exact repeatability of results. In Table 
4.2.7. are shown a few pairs of runs in which an attempt 
was made to use exactly the same experimental conditions. The 
Table illustrates the fact that a small difference in the 
operating conditions could cause a large deviation in the oxp-
erimentalresults. But even with the experimental conditions 
repeated exactly, the results could vary due to uncontrolable 
factors such as flow fluctuations. However in all these cases, 
the deviation~ for hTP, are well within the accuracy limits 
shown in this chapter. 
Table 4.2.1 Repeatability of hTP , vaporization and 
liquid circulation rates. 
Run No. % 'T s qi hTP W v 
- °c at 
Suhme- exit 
rrgence 
III .14. VI 100 140.2 59080 2245 16.20 
III .31 • 'If 100 140.0 55348 2041 15.82 
IV .339. V{ . 60 134.0 42013 1678 31.35 
IV.340.Vl 60 132.4 38816 1536 29.41 
III.81.Vi 80 149.1 61624 1898 18.86 
III.98.W 80 150.8 66314 1741 18.25 
III.l.W 100 138.6 52146 1941 14.85 
III.6.w 100 138.8 53195 1925 14.91 
III.99.W 60 151.;; 66954 1721 18.33 
II I .100. \'f 60 151.3 64821 1515 17.57 
VIL Percentage maximum deviation between 
at the tl'l'O runs 
exit 
hTP Wv WL 
259· , 
10 2.4 14 
295, 
810 
9.2 ,,6.6 6.3 
819 
195 
9 3 .3 10 
214 
283 , .. , ... > 
, 0.8 0.4 . 1'.1 
288 
150 
9.3 4.3 2.2 
153, 
, 
,,- -. -" _ .. 
5. Experimental results 
5.1 Heat transfer results 
The experiment.al results together with the calculat.r:;d 
results are contained in the following tables: 
1. A summary table giving ranges of the important variables 
and the number of experimental runs conducted in each 
tube and for each test liquid,is shown in Table 5.1.1. 
2. The runs carried out in the six-compartment tube III,with 
water only are in Table 5.1.2. 
,. Runs carried out in the nine-compartment tube IV,with 
water are in Table 5.1.,. 
4. The record of the results for mixtures! of water with 
ethylene glycol in the six-compartment tube III,is 
given in Table 5.1.4. 
5. The results for the binary mixtures of the same two 
pure liquids (water and ethylene glycol) in the nine-
compartment tube IV,are recorded in Table 5.1.5. 
A tahle shovdng the meaning of symbols together with ,units 
is presented in front of each set of these results. 
The method of operation of the apparatus and of taidng 
experimental measurements are presented in detail in 
Chapter, (apparatus),and in Chapter·4 (experimental 
procedure). Sample calculations illustrating all the 
types of computations are given in Section 9.2. 
71 
The variables given in Tables 5.1.2 to 5.1.5, are quoted as 
outputed by the com,puter, with all the significant and 
insignificant figures. Honever, the number of significant 
figures for each variable, could be decided upon by reference 
to Table 4.2.6. Hence for examllle. GL, with an estinat ed 
error of X)., % (see Section 4.2)"thenumber of significant 
figures are the first three. 
\ i 
wt.% 
'\lTater 
in 
ethy-
1ene 
gly-
col 
100 
95 
90 
75 
60 
40 
30 
20 
15 
100 
60 
30 
20 
Summary of leng~h-mean experimental results,range of operating variables TABLE 5.1.1 
Number ATov Re Vapour 
of 
of L quality runs at the ~ Gv q hrp ATf reboi1er 1b/hr.ft2 2 2 2 
exit 
1b/hr.ft Btu/hr.ft Btu/hr.ft 
X of of 
Wt.% 
Tube III, Six-compartment tube, I.D = 0.5" 
144 22.0-93.6 2028-25820 2.1-59.4 33552-427239 3073-16842 14854-83263 J.051-3266 8.9-41.8 
J.7 25.7-70.7 1493-8124 10- 61.3 25653-139030 4014-13356 20222-66339 J.696-3574 10.7-25.1 
4 37.9-67.3 3114-8J.05 8.7-34.7 60917-155874 6693-2556J. 33683-63415 2081-3059 13.8-20.7 
9 27.6-69.9 1445-8290 5.4-48.3 37122-195978 5452-11952 25251-59458 2223-3393 9.7-26.7 
13 46.0-59.0 1083-4381 11.6-38.9 36552-136659 7160-9778 35521-47961 1481-2440 17.4-27.4 
20 35.8-63.9 1050-4353 5.8-27.1 46040-185191 4359-8670 22050-48370 1088-1708 19 -33.4 
21 28.3-57.7 765-4711 3.8-16.2 36480-218921 2388-7651 12369-38109 627-1473 15.1-32.9 
32 24.2-53.1 1429-7174 0.8-12.1 73177-362051 1532-5579 10459-30253 581-1040 14.7-33.4 
J.O 21.5-3J..9 1291-518J. 1.9-5.5 67101-269261 1552-3534 9647-16373 507-810 15.8-22.6 
Tube IV, nine-com)artment tube, I.D = 0.872 11 
05 22.4-91. b '206~-56751 1.23-6,4.5 19632-5388'76 2780-15~40 13329-~9656 711-3150 11.5-33.7 
4 55.2-86.2 1939 -10157 7.32-14.62 149245-184853 7021-11771 41739-68566 1771-2085 23.6-32.9 
5 42.7-73.3 6611-8415 4.04-8.72 181069-224463 4625-8253 30364-50006 1220-1517 20.0-37.0 
5 42.5-59.5 5476-8795 2.59-4.82 160608-256232 3365-5474 15529-37026 433-1168 24.8-35.9 
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Table 5.1.2 EXPERIMENTAL RESULTS FOR lfATER. REBOILER TUBE m 
RN Run number 
S % submergence 
n Compartment number 
L indicates length-mean values 
o indicates value at the reboiler tube outlet 
I 
AT 
ov 
q 
Overall temperature driving force 
Heat flux based on the inside tube area 
Inside film temperature drop 
Liquid phase mass flux (superficial) 
Vapour quality, lvt. fraction 
~yo-phase heat transfer coefficient 
Liquiq' flowing alone coefficient 
h_ = 0.023 (..l!) G l-X Di (pep) K ~ ( ) J 0.8 0.4 
-L Di 11r. K L 
2 Btu/hr.ft 
2 lb/hr.ft 
2 0 Btu/hr.ft • F 
2 0 Btu/hr.ft • F 
ReL Reynolds number of the liquid phase 
1 
Xtt 
A 
B· 
SG 
Reciprocal of the Lockhart-ilartinelli 
J 
Schrock and Grossman X~axis coerdinate [ '* 1 2/3] SG = ~o x 10 + 1.5(X--) 
. tt 
Schrock and Grossman Y-axis coordinate 
H 
x 
hTP 
Chen 
Hughmark X-axis coerdinate 
C 0.25 D.Vl PL 0.55 (~) (1 m ) 
K l PL 
H 
x = ------------~~-----------~------~~ PL - Pv 0.8 1 0.45 L 0.25 (p ) (~ Cp ) (10) 
v L L 
Hugbmark y-axis coerdinate 
hTP Di 
H = y RI., 
Two-phase heat transfer coefficient predicted 
by Chents correlation 
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~ 
C1l 
RN S ~T ATf ~ X hTP 
hTP Re L 1/ Xtt A :B, SG 
hTP H H 
hTP 
n q 
hL hLT Chen ov x y 
11 r . S.w 10CJ. L 51 . ') 38833. 23.6 277082, O.02t1 1640, 2.5 16745, 1. 21 390, 39 0. 3.1 2.6 2.7. 17'. 2661 
O. 269106, 0.056 
I 1 • 52,5 4is82. 21 .8 270544, 0.051 1956. 3.1 163~O, 2.11 683. 569. ' i..0 3.0 3355 'I 
I 2, 52.0 41566. 22.0 273472. 0.041 1889 . 2.9 16527. 1 , 71 552 •. 489, 3.7 2.9 30 6 9 
J 3 . 51. 4 39256. 23., 276297. 0.031 1693. 2.6 16698. 1,32 425, 406, 3.2 2.6 
2736 
i 4 • 51 .0 37271 . 2.4.3 278931. 0.021 1534, 2.3 16857, 0,95 306, 323, 2.8 2.4 2454 
I 5 • 50.9 36301 . 24.9 28'1388. 0.U13 1457. 2.2 17006. 0,59 191 • 236, 2.4 2.3 2231 
! 6. 50.9 36024. 25'.CJ 283798. 0.004 1439 . 2.2 171 51, 0,22 73, 124, 1 .9 2.2 2041 
II I . 6.w 100, L 66.3 53195. 27.6 210828. 0.049 1925. 3.7 1274,. 2.05 662. 662, 4 .. 9 3.7 31 . 204. 3052 
o . 199903. 0.099 
1 . 67.9 57981. 25.6 201850. 0.090 2267. 4.5 12199, 3,66 1181 • 985, 6.3 4.3 3867 
2 • 67.2 54426. 27.6 205722. 0.072 1973. 3.8 12433, 2,96 956, 846, 5.6 3.8 3515 
3 • 66.4 53332. '2.7.7 209445. 0.056 1928. 3.7 12658. 2.29 741 , 708, S.1 3.7 3177 
1+ • 65.8 52785. 27.5 213078. 0,039 1920. 3.6 12877, 1 .65 533, 563, 4.6 3.7 2854 
5. 65.4 51417. 28.1 216611. 0.023 1829. 3.4 13091 , 1 ,02 328. 404. 3.9 3.5 2568 
6. 65.0 49229. 29.4 220024: 0.008 1677. 3.1 13297. 0.38 121 , 208, 3.1 3.2 2319 
I J 1. 7.w 100. L 52.8 39532. 24. 4 268696. 0,02Y 1618, '2..5 16239, 1 ,26 407, 407. 3.2 2.6 28. 171 . 2669 
o . 260590. 0.059 
1 , 54.0 44882. 2 '1 ,5 262:otoO. 0.053 2085, 3.3 15836. 2,21 714, 595, 4.2 3.3 3388 
'2 • 53.5 42389. 23.0 2651)36. 0.043 1844. 2.9 16017. 1. 78 576. S1 0, 3.8 2.9 3069 
3. 52.9 39759. 24.3 267932. 0.032 1636. 2.6 16192. 1 .37 442. 422. 3.3 2.6 1765 
4, 52.4 38082. 25.1 270637. 0.022 1519. 2.4 16356. 0,98 316. 334, 2.9 2. 4 2480 
5. 52.2 36722. 25.9 273164. 0.013 1419. 2.2 16509, 0.60 195. 2'·0, 2.4 2.3 2220 
6 . 52,1 35362. 26.8 27 5566. 0.004 1320. 2.0 16654. 0.23 73. 125. 1 .9 2.1 Zfl33 
Ill. B,w 1 0 () • L 66.2 1.9804. 30.1 237717. 0,041 1654. 2.Y 143 66. 1 , 72 555, 555, ~.2 2..9 30 175' . 2977 
o . 227585'. 0.082 
1- 67.4 55'183. 27.2 22'1438. 0.074 2029. 3.6 13 866. 3,04 981 • 818. 5.5 3,5 3768 
2 • 66.8 52424, 28.7 233144. 0.059 1828. 3.2 14090 2. 45 790 700 4.9 3.2 3411 . . , 
3. 66.1 5005(:. 29.8 2366 37. 0.045 1677. 2.9 14304. 1 .88 608, 581 , 4..4 2.9 3070 
4. 65.6 48125. 30.h 240046. o . 031 1561 . 2.7 14507. 1 ,35 435 460. .!.n 2.7 2157 
5. 65.5 46~42. 31 .7 243202. 0.019 1478, 2.5 14698. 0,83 270. 332, 3.3 2.(, 2475 
6. 65.6 46 21)() . 32.2 24626 4 . 0.006 1435. 2.4 14~83, 0.31 101 • 173. 2 6 2.5' 2202. 
'I 
'I 
RN S ~T ATf ~ X hTP 
hTP R~L l/Xtt A B, SG 
hTP H H hTP n q -ov ~ hTL x y Chen I I I . 9.w 100. L 54.0 40359. 24.9 260171 . 0.031 1619. 2.6 15723. 1. 33 429, 429. 3.1. 2.6 28 171 . 2712 0, 251853. 0.062 
1 • 55.2 48023. 20.4 253408. 0,056 2356. 3.9 15315. 2.32 750. 625. 4.5 3.8 3448 2. 54.7 42360. 24.1 256531 . 0.045 1755. 2.9 15503. 1 .86 602. 533. 3.9 2.9 3079 3. 54.0 39868. 25.3 259421. 0.034 1573. 2.5 15678. 1. 44 464. 443. 3.4 2.6 2756 4, 53.6 38509. 26. (I 2621U8. 0,024 1482. 2.4- 15840. 1 .04 335. 354. 3.0 2.4 2491 S. 53.3 37830. 26.2 264713. 0.014 1445. 2.3 15998, 0.64 21)7. 255. 2.6 2.4 2229 6. 53.0 3556l, • 27.6 26721~. 0.005 1291 . 2.0 16149 • . 0,24 77. 132. 1.9 2.1 2031 
I I t I . 10.w 100. l 61 .1 46931 . 27.1 230395. 0.0 4 0 1129. 3.1 
. 13924. 1,68 542 • 542. 4.1 3,1 29. 183. 2876 I 0, 2208 4 3. 0.080 I 
J 1 • 62.3 51753. 24.6 222581. 0.072 2100. 3.8 13452. 2.96 957. 798. 5.3 3.8 3629 I 2. 61 .6 49719. 25.6 226079. 0.058 1945. 3.5 13663. 2,39 77" 682, 4.8 3.5 3309 ) 3. 61.1 47007. 27.1 229400. 0.04,4 1736. 3.1 13864. 1,84 594. 568. 4.3 3.1 2966 
4. 60.6 45199. 28.0 232557. 0.031 1616. 2.B 14055. 1. 32 426. 450. 3.7 2.9 2673 5. 60.4 44069. 28.6 235551 . 0.018 1541 . 2.7 14235. 0,82 264. 325, 3.2 2,8 2408 6, 60,4 43843. 28.8 238442 .. 0.006 1522. 2.6 14410, 0,31 100. 170. 2.6 2.7 2232 
If I . 11 . W 96. l 43.9 29646. 22.7 321906. 0,018 1305. 1 . B 19454. 0.81 261 • 261 , 2.2 1 .8 25 138, 2332 0, 315972. 0.036 
1 , 44.6 34623. 19.7 317223. 0.032 1753. 2·.4 19171 • 1. 38 447, 372. 3.0 2 . 4 2908 2 , 43.7 31319. 21 . 3 319683. 0 025 1468. 2.0 19320, 1 .08 350, 310. 2..6 2.0 2604 3. 43.3 30239. 21 .7 321859. 0.018 1394. 1 ·9 19451. 0.81 263, 251, 2.3 1.9 2338 4, 43.1 28969. 2'2.5 323862. 0.012 1289. 1.7 19 573, 0.56 181 , 
1
9
" 
1 .9 1 .8 2123 5, 43. 5 26936. 24.3 325590. 0.001 11 (19. 1.5 19677. 0.33 108. 133, 1 .6 , • 5 1931 6,' 44.3 25792. 25.9' 327057. O.on2 995. 1.3 19766. 0.13 42, 71, 1 .2 , .4 1791 
III 12.W 1UO. L 5'3.6 40945. 24.1 261371 . o. O:~O 1697, 2.7 15796. 1. 30 420, 420. 3.4 2.8 28. 1 B 0 • 26<;4 O. 253,10. 0.061 
1 • 54.2 47255. 19.9 254799. 0.055 2369. 3.9 15399, 2,26 731 • 609, 4.4 3.9 3392 
2. 53.7 43228. 22.5 257Y26 o . o'~ 3 192". 3.1 15588. 1 .80 583. 516, 3.9 3.1 3062 3. 53.3 I., 509, 23,4 2('0811. 0.032 1772. 2.8 15762. 1 .38 446. 426, 3.S' 2,9 2763 
4. 53.2 3S1H41). 24,S' (635)6. 0./)22 1625. 2.6 15927. 0,98 316. 333, 3. I) 2.6 2479 5. 53.2 37X58. 26.v 266(;96. O·~ V 13 1455. 2.3 16081 , 0.59 190. 233. 2 . 5 2..4 2223 6 . 53.6 35978. 27.9 26b401. 0.004- 1291 . Z.O 16221. 0.21 69. 1.18. 1 .Y l.1 20'j 9 
'-l 
Q) 
" - - .. -
hTP hTP 1/ Xtt. 
hTP ReI.. A B; -RN S n .AT q ATf <\. X hTP SG ~T H H ov t.a x y Chen III . 13. I" 100. L 65.6 48761. 30.3 238233. 0.040 1609. 14398. 1.68 544. 544. 4.2 2..8 30 170. 2.954. 
0, 22.8307. 0,080 
1 • 66.9 57441. 24.9 230,35. 0.072 2306. 4.1 13914. 2,96 955 
. 796, .5.5 4..0 3739. 
2. 66.1 50\.137. 211. B 233965. 0.057 1676. 2.9 14140, 2.36 763, 676, 4.7 2.9 3337. 
3. 65.3 47485. 31 .0 237373. 0.043 153'1 . 2.7 14346. 1.82 588. 562. 4.2 2..7 30{J5. 
4. 65.0 46463. 31 .4 240565. 0.031 1479. 2,5 14538. 1 ,31 424. 448, 3.7 2.6 2706. 5. 65.{1 45697. 32.0 243601 . 0.018 1428. 2.4 14722. 0,82 265. 326. 3.2 2.5 2433. 6. 65.0 45442. 32.2 246599. 0.006 141Ll. 2.4 14903, 0.31 100. 171. 2..6 2.5 2241, 
~.., . : .~ " \ ", 
.. ·t·. ,", \ I I I. 14. w 100. L 69.S 59U80. 26.3 189566. 0.059 2245, 4.7 11456, 2.43 785. 78 5, 5.7 1..6 31 . 238. 3189. I 
I 0, 177698. 0.118 
1 
1 . 70.5 ~7365. 20.8 17'1947. 1,).107 3244. 7.0 10875, 4.34 1403. 1170. 7.5 6.7 4008. 2. 69,9 65358. 21. 8 10 4428. 0.084 299~. 6.3 11146, 3,44 1112, 985, 6.8 6.2 3643. 3, 69,4 60198. 25.3 188678. 0.06.3 2377. 4.9 11403, 2.60 841, 803, 5,9 4.9 3255. 
i 4. 69.0 55899. 28.3 192582. 0.044 1976. 4.0 11639. 1 ,84 594, 628. 5.1 4, 1 2900. 5, 69,0 53491 . 30.1 19 6186. 0.026 1774. 3.6 11856. 1.13 365, 450. 4,4 3.6 2596. 6, ~9.0 52172. 31 .2 199664 .. 0,009 1673. 3.3 120 67 .. 0,42 135. 231 , 3,5 3 • l. 23'14. 
-
. - .. 
; ~ ~ . . . 
It t . 15.101 BO. L. 67.6 5350B, 28,7 168935. 0.060 1866, 4.2 10210. 2,46 794. 794. 5.8 4.2 30, 197. 2984. O. 158226, o . 119 
1 , 68.3 5R089. 25.8 '~(J123. 0.109 2250. ",3 9677, 4,43 1430. 11 9 2, 7.4 5. 1 3735. 2, 68.0 57052. 26.3 163975. 0.087 2168. 5.0 9910. 3,55 1148, 1017, 6.8 4,9 34-25. 3, 67.6 54459. 28.0 167711 . 0.066 1946. 4.4 10136, 2,73 881. 841- 6,1 4.4 3108. 4, 67,4 5H~6S . 29.7 17.1266. 0.047 1745. 3.9 10350. 1.95 62 9 , 664. 5.3 3.9 2193. 5, 67.3 50309 • 30.8 174653. 0.023 1633. 3.6 10555. 1. 20 387. 477, 4.6 3.7 25'10. 6.- 67.2 49 272. 31.5· 171953. 0.009 1564, 3.4 10 755, 0,45 144. 246~ 3.1 3.5 2297. 
III 16. 1..J 100. L 76.7 68931 . 25.9 169150. 0.()76 2665. 6.1 10223, 3.10 1000. 1000, 7 ., 5,9 33. 282. 3417. 
\) . 155287. 0.1 ;2 
1 , 78.n 7651 (I • 21 . 1 157R42.. 0 138 3631. 8.7 9539, 5.64 1821 • 1518, 9.. 1 8.1 4290. 
2. 77.4 76510. 20. 4 i630U1. 0.109 3742. 8.~ 9851 , 4.45 1439. 1274. ~.4 R.3 393Q. 
3. 76.7 743415. 21 . 5 11,8093. O.08Z 34'5 'I • 7.9 101 59, 3,33 1074 1026, 7.5 7.7 3558. . 
4. ? 6.1 65683. 27.9 172~2.(!. O. \i 56 235,) . 5.3 104 4'~. 2,30 744. 786 6.3 5.2 3115'. , 
5. 75.9 61352. 31 . () '177(J47. 0.1)33 1977 . 4.3 10709. 1 ,39 449. 5"53, 5.3 4.4 2750. 6 , 76.n 59 H~7 . 32.7 1 R'I 0 16. o .011 1dOA. 3.9 109 40, 0,51 165, 282. 4.3 4.0 252?. 
'l 
to 
5 AT ATf ~ X hTP 
hTP . Re L l/Xtt A B SG 
hTP H H 
hTP 
RN n q I 
OV ~ ~t; x y Chen I 1I I . 17.W '00. L 83.0 75921 . 26.6 153796. 0.090 2853. 7.0 92 95. 3.68 1188. 11 86, 8.2 35 302. 3557. ! 
o . 138526. 0.1 R 1 
1 • 84.5 81799. 23.3 141259. 0.16,. 3515. 9.2 8537, 6.81 2200. 1835. 10.4 8.3 4455. : 
2 • 83.8 80458. 23.7 146713. 0.132 3389. 8.6 8867. 5.41 1747. 1547. 9.6 8,0 4087. 
3. 83.1 79117 . 24.1 ,52102. 0 100 3286. 8.1 9192. 4.09 1320. '1260. 8.7 7.A 3703. ! 
4. 82.5 75764. 26.2 157310. 0.070 2891 . 7.0 9507. 2.85 920. 972. 7.6 6.8 3314, I 
5 • 82.1 70401 . 30.2 ,621811 • 0.041 2332. 5.5 9802. 1 • 71 553. 681 • 6 . t. 5.5 2947. 
6. 32.0 67987. 31 .9 16678'. () 014 2130. 4.9 10079. 0,62 200. 3 42, 5.2 5.0 2694. 
J I 1. 18.w 100. L 76.8 ~9022. 25.9 16741~. 0:077 2663. 6.1 10118.. 3.15 1018. 1018. 7.2 6.0 33. 282. 3425. 
O. 153420. 0.154 
1 ~ 78.6 12477. 25.0 1S5R94. 0.141 2902. 7.0 9421 • 5.77 1861 •• 1554. 9.0 6.5 '42.78. 
2. 77.7 75020. 22.0 160933. .0.113 3413. 8.1 9726. 4.60 1486. 1316. 8.4 7.6 3955". 
3. 76.7 72477. 23.0 165977. 0.085 3145. 7.3 10031 • 3.47 1120. 10 70. 7.6 7.0 3557. 
4. 76.0 68026. 25.9 170742. 0,05'9 2627. 5.9 .10319. 2.43 783. 828. 6.6 5.9'. 3184. 
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3. 79.9 64127. 32.9 15354-9. O.OR4 1950. 4.8 92 80. 3.41 1100. 1 n 50. 7.4 4.6 3349. 
4. 79.0 60459. 34.8 157809. 0.058 1736. 4.2 9537. 2./10 774. 818. 6.4 4-. , 2992. 
5. 78.7 57742. 36.7 ,6'1741,. 0.035 1574-. 3.1 9"1"5, 1. 47 475. 585. 5.S' 3.7 
2('86. 
6. 78.4 56584-. 37.2 ,6557 3. 0.012 1520. 3.5 10006. 0,54 176. 301. 4-.5 3.6 
247 I •• 
to 
U1 
hTP hTP hTP 
I 
RN S n ~T q ATf ~ X hTP - ReL l/Xtt A B. SG H H ov h ~A x y Chen ' , , I I r . 81.W 80. 85.4 67624. 35.6 142809. 0.u88 1898. 4.Iv 8631 • 3.59 1161. 1161 • 8.0 33, 201 . 3353. i I. i' , 
o. 128995. 0.176 
, . 88.1 76878. 31 .0 131662. 0.159 2483. 6.9 7957, 6.59 2127 • 1"74.10.4 6.2 4190. 
2 • 86.6 74429. 31 .5 136873. 0.'26 2365. 6.4 8272. 5.15 1664. 1473. 9.4 5.9 3837. 
3 . 85.1 67697. 35.3 141792. 0.095 1917. 5:0 8569. 3.86 1246. 1189. 8.2 4.8 3420. i 
4 . 84.3 65971 • 35.8 146326. 0.066 1840. 4,7 8343. 2,70 872. 921 • 7.3 4.6 3080. : 
5. 83.9 63190. 37.7 150635. 0.038 1677. 4.2 9104. 1 .61 521 • 642. 6.2 4.2 2.758. ; 
6. 83.5 57580. 41. 6 i 54684-. 0.012 . 1 384. 3.4 9:~48. 0,57 185. 316. 4.8 3.5 2469. : 
, I 
. 
I I r • 82.W 104. L 81.8 651 53. 34.0 19 4022. 0.065 1915. 3.9 11726. 2.67 863. 863. 6.1 3.8 33. 203. 3385. i 
O. 180520. 0.130 
1 • 84.9 74105. 29.9 1832u5. 0.117 2476. 5.3 11072. 4.78 1543. 1287 •. 8.0 5.0 4285. ; 
2. 83.1 72306. 29.6 188392. 0.092 2442. 5 . 1 11385. 3.75 1213 • 1074. 7.2 4.9 3891. : I 
3 . B1 .3 65216. 33.5 ,93287. 0.069 1947. 4.0 11681. . 2,81 908. 6.2 3.9 3435. : 867, 
4 . 80.3 63781 . 33.6 197762. O. 0~7 1901 • 3.8 11952. 1.96 634. 669. 5.5 3.8 3082. : 
5 • 80.1 59256. 36.9 201846. 0.027 1604. 3.2 12199. 1.18 382. 470, 4.6 3.2 2710. , 
6. 80.1 56254-. 39.2 205660. 0.009 1435. 2.8 12429. 0,43 138. 236, ~~,,~ 2,9 2483. ;. 
I ! I . 83. \J 100. L 84.4 67623. 34.7 192550. 0.068 1949. 4.0 11637, 2.77 895. 89 5 .~6 .3 " 3.9 34. 206. t 3449. ,: 
O. 178601. 0.135 
1 • 87.0 74150. 32.0 181193. 0.123 2315. 5.0 10950. 5.00 1616. 1347. 8.1 4. -7. __ 4363. i I 
2. 85.6 72735. 31 . B 186324. 0.09B 2289. 4.8 11260. 3,98 1285. 1138. 7.4 4.6 3962. i i 
3. 84.4 70103. 32.7 191285. 0.074 2145. 4.4 11560. 3.01 973. 929. 6.6 4.3 3570. ; , 
4. 83.5 67077. 34.3 195980. 0.051 1957, 4.0 11844. 2.12 683. 722. 5.8 3.9 3183. " 
5 • 83.0 61541 . 38 . 1 2.00336. 0.030 161 7 . 3.2 12107. 1.28 414. 510. 4-.8 3.3 279,. : 
6 . 82.6 60133. 38.8 204439. 0.010 1552. 3.0 12355. 0.47 152. 259, 3.9 3.1 2534. i 
I I I . 84.W 11) 0 . L 74.9 61)606. 30.6 202031 . 0.059 1978. 3.9 12210. 2 .. 41 780. 780. 5.6 3.9 32. 209. 3281. : 
O. 189.474. 0.117 
1 • 77.5 70124. 25.7 191935. 0.106 2724. 5.6 11600. 4,30 1389, 115 B, 7.4- 5.3 4147. 
2. 76.0 65992. 27.5 196749. 0·.083 2398. 4.8 11890. 3,39 1095. 970. 6.6 4.7 3751 • 
3. 74.6 62005. 29.2 201278. 0.062 2,21 . 4.2 12164. 2.55 B 2.4. 787. S.B ·4.1 3357. 
4.. 73.8 58573. 31 .1 205433. 0.043 1884. 3.7 12415. 1. 79 578. 610. 5.0 3.7 2976. 
5. 73.6 55618. 33.2 2fl9246. 0.025 1677. 3.2 12646. 1. 08 350. 431, 4.3 3.3 2648, 
6. 73.4 51321 . 36.3 212817. 0.008 1415. 2.7 12862. 0.40 '28. 219, 3.3 2..8 2359. l. 
--~ '~'-'-"-' -.- c_ •• -. 
--
-
- .. _ ... - . -. - .. --- I' 
to 
en 
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TP 
hTP hTP RN S n AT q ATf ~ X hTP Re L 1/ Xtt. A B SG hLT H H ov h x y Chen 
I IT, 8S,W 1UO. L 70.1 56132. 29.3 213979. 0.052 1917. 3 .~ 12932. 2,15 696. 696, 5. , 3.6 32. 2()3. 3167. 0, 20225 4 • 0.104 
1 • 72.9 63858. 26.0 204550. 0.09/. 2459. 4.8 12362. 3.82 1233. 1028. 6.6 4.6 4010. 
2. 71 .3 62576. 25.4 209071. 0.074 2460. 4.7 12635. 3.01 974. 862. 6.0 4.6 3642. 
3. 69.9 56557. 28.7 213315. 0.055 1968. 3.7 12892. 2.27 733. 700. 5.2 3.7 3237. 
4. 68.9 53785. 29.9 217181. 0.038 1800. 3.3 13125. 1. 60 515. 544. 4.5 3.4 2868. 5 • 68.5 51701. 31 .1 220750. 0.O2l 1663. 3.1 13341 • 0,96 . 312. 384. 3.8 3.1 2556. 6. 68.5 48314, 33.6 22 4 068 .• O.OO? 1439. 2.6 135 42. 0.35 113. 19 4. 3.0 2.7 2315. ; 
. '. -.. 
IT I • 86.w 100. L 55.3 44837 .' 23.0 249788. 0.037 1951 • 3.2 15096, 1.55 501. 501. 3.8 3.3 29. 206. ,869, 1 , O. 241)299. 0.073 : 
1 • 57.5 52954. 18.9 242110. 0.066 279 S' • 4.8 14635. 2.71 875. 729. 5.0 . 4.7 3661 • i 
2 . 56.4 51082. 19.3 245878. 0.'052 2642. 4.4 14860 •. 2.14 693. 613, 4-.5 4,4 3312.: 
3. 55.5 44939. 23.0 249307. 0.038 1953, 3.3 15067. 1 .62 524. 501 • 3.9 3.3 2902. i 
4 , 54. 6 43565. 23.2 252443. 0.026 1875. 3.1 15256. 1.14 369. 390. 3.4 3.1 2596. ! 
S. 54. 1 39522. 25.7 255328. 0.015 1536. 2.5 1.5431. 0,69 223. 275. 2..7 2.6 2275. ; 
6 ~ 53.7 36961 . 27.2 257963. 0·. 0 (15 1358. 2.2 15590. 0.25 82. ,41, 2.1 2.3 2068. ; 
Ill. B7.W BO. L 2.iL 0 19139. 8.4 319610. 0.012 2286. 3.1 19316. 0,56 180. 180.· .. 1.6 3.2 2.1 . 242. 1900. 
0, 315713. 0.024 
1 • 22. 5 22110. 6.8 316363. 0.022 3275. 4.5 19119. 0.97 314. 26" 2.2 4.'6"-*; 2347.1 2. • 22.3 21618. 6.9 317871. 0.017 312.7. 4.3 19210. 0.78 252. 223. 2.0 4.4 2153.1 3 . 22.0 20872. 7 . 1 319383. 0.013 2928. 4.0 19302. 0.59 190. 181 • 1 .1 4.1 1962.1 
4. 2.1.1 19367. B.O 320799. 0.01)8 243 5 . 3.3 19387. 0.40 129. 137. 1.4 3.4 't 791 • : 
5. . 21.6 16216 . 10. 1 322007. 0.005 160 z.. 2.2 19460. 0.23 76. 93. , • 1 2.3 1553. i 6 . 21. 7 '4652. 11 . 4 322980. 0.002 1288. 1 . 7 19519. 0.09 30. 51 • 0.8 1 .8 1413.; 
Ill. 8H.1rI 80 .. L 49.4 37294. 22.7 227946. 0.033 1645. 2.9 13776. .1 .41 455. 455 3.5 3.0 27, 174-. 2585. ~ • O. 22.0150. 0.066 , 
1 , 51 .3 41.715. 19.0 2.21718. 0.059 2359. 4.3 13399. 2,45 79 2. 660. 
. 
4-.7 4.3 3255. i 
2. 50.4 42374. 19.8 224804-. 0.046 2137. 3.9 13586. 1. 94 625. 554. 4.2 3.9 29 3S, ! 
3 • 49.1 38699. 21.3 227779. 0.034 1814. 3.2 13766. 1.44 465, 444. 3.6 3.3 2.606. i 
4. 4-R.4 36258. 22.4 23042.0. 0'.023 1615. 2.9 13925. 0,99 320. 338. 3.1 2.9 2333. ; 
5 . 48.5 J1781 . 25.B 232646. 0.013 1231 • 2.2 14060. 0.60 195, 240. 2.5 2.2 2052. ! 
6, 48.4 29936. 27,1 234701. O.OOir "106. 1 .9 14184. 0.22 72. 123. 1.9 2.0 1868, ! 
lD 
'l 
hTP 
Re L l/Xtt A B. 
hTP H 
hTP RN S n AT q ~T ~ X hTP - SG - H ov f :h 4!i 2t . y Chen -L III . 89.w 40. L 50.9 34694. 26. 1 92771. 0.069 1332. 4.9 5607. 2,84 917. 917. 6.6 1 41 . 23u O. 85868. 0.139 
1. 51.7 38251 . 24.3 87131. o .126 1576. 6.1 5266. 5.14 1660. 1384. a.5 5.7 2767 2. 51.4 37327. 24,6 89661. 0.100 1510. 5.7 5419. 4.09 1321 • 1170. 7.7 S.S 2583 3. 50.6 36326. 24.5 92168. 0.075' 148u. 5.5 55 70. 3.08 994 •. 949. 6.9 5.3 2'366 4. 50.2 33424-. 26.3 9450 6 . 0.052 1271.1. 4.6 5711 • 2.15 695. 734, 6.0 4.6 2155 S. 50.3 31757. 27.6 96648. 0.030 115'0. 4.1 5841 • 1 .30 421 • 518. 5.1 4.1 1963 6. 50.7 31076. 2~.5 98681 . 0.010 1091 . 3.8 5964. 0.47 151. 259. 4.1 3.9 1843 
I I 1. 90. W 60. L 70.1 54011. 30.8 133401. 0.075 1754. 4.8 80 62. 3.05 985. 985. 7.0 4.7 29. 186, 2.944 O. 12Ui48. 0.149 
1- 71 .4 60203, 27.4 124706. 0.135 220u. 6.4 7537. 5.52 1784. 1488. 9.0 5.9 3650 2. 70.4 58903. 27.3 128782. 0.107 2153'. 6.1 7783. 4.34 1403. 12 42. 8.2 5.8 3345 3. 69.3 55377. 29.0 132698. 0.079 1907. 5.3 8020. 3,24 1048. 1001 • 7.3 5.1 3011 4. 68.7 51730. 31 .2 136325. 0.054- 1659. 4.5 8239. 2.25 726. 767. 6.! 4.5 27" 5, 69.0 49737. 33.0 139627. 0.031 1508. 4.0 8438. 1 ,34 434. 534. 5.4- 4.0 2440 6. 70.2 48118. 35.5 142666. 0.010 1357, 3.5 8622. 0,48 156, 268, 4.4 3.6 2276 
Ill. 91.W 41- L 70.9 53287. 31.2 91215. 0.105 1657. 6.2 5513. 4,26 1376. 1376. 9.4 5.9 28. 175. 2858 1 O. 80557. 0.209 , 
! 1 • 72.3 58622.. 29. I,- 22511. 0.190 1991. 8.0 4987. 7,98 2577 2149,12.0 7.1 3461.. 7.6 . 2. 71.6 57611 ~ 29.5' 86414. 0.152 195'2. 5222. 6,25 2019. 1788. 11 .0 6.9 3208. 
I 3. 70.7 53550. 31 .8 90165. 0.1'5 1686. 6.3 5449. 4,68 1513. 1445. 9.6 6.0 2923. 4. 70.1 51664. 32.7 93689. 0.080 1 5'82. 5.8 5662. 3,28 1059. 1119 • 8.6 5.6 2667. S. 70.0 50138. 33.7 97052. 0.047 1486. 5'.3 58 65. 1,97 637. 784, 7.4- 5.3 2458. j 6. 70.2 48137. 35.4 100276. 0.016 1359. 4.7 6060. 0.71 229. 39 2. 6.1 4-.8 2270. I 
f I 1 f • 92. W 40. L 79.0 60700. 34.6 66423. 0.'54 1 7S 2. 8.4- 4014. 6.33 20 46 • 20 46. 13.2 7.7 29. 185. 2974. 
! 
O. 54362. 0.307 
1 . 79.9 ~6885. 30.7 56617. 0.27'7 2179. 11. 9 3422. 12.49 4036, 3365. 16.9 9.S" 3578 2. 79.3 66206. 30.7 6, 049. 0.222 2157. , 1 . 1 3689. 9,52 3076, 2123. 15. 5 9.4 3334-. 3. 79.0 62945. 32.9 65340. 0.167 1914. 9.3 3949. 6.95 2244. 2 1 42. 13. ~ R. L 3081 , 4. 78.2 58971 . 35.2 69425. O. 115 1676. 7.8 4196. 4,70 1520. 1605. 12.0 7.3 2199. 5 • 77.9 55444. 37.6 73223. 0.067 1473. 6.5 4 /.25. 2.75 888. 1 09 '.. i (I • 2- 6.4- 2;32, 6. 78.B 53748. 39.8 16757, 0.022 1351 • 5.8 4639. 0.97 312. 534. S.5 5.9 2.405 
\0 
00 
X hTP 
hTP Re L l/Xtt A B SG 
hTP 
-H 
hTP RN S n ~T q ATf ~ - - H ov 6\ ~T x y Chen I I 1. 93. w 50, L 85.1 64946. 37.4 88375. o .12.9 1734. 5341 • 5.27 1701 . 1701 • 1 1 .2 6 .. 2 3,. 184. 3160 
O. 75305. 0.258 
1- 87.2 71845. 34.1 77711:1. 0,234- 2'110. 8.9 4697. 10.11 3266. 2"23. 14.4 7.5 3849 
2. 85.9 71229. 33.3 821)58. 0.186 2141 . 8.6 4989. 7.80 2519. ?231. 13.2 7.6 ·3576 
3. 84.8 68077. 34.7 87255. 0.140 1963. 7.6 5273. 5.74 1853. 1769. 11 .8 7.0 3~48 
4. 84.7 61426. 39.8 91531. 0.098 1542, 5.7 5532, 3,98 1285, 1358.10.0 5'.5 2930 
5. 84.3 59686. 40.8 95,67, O.05d 1464. 5.3 5776. 2.39 772. 951 , B.8 5.l. • 2683 6, 83.5 57416. 41.7 99509. 0.019 1376. 4.8 6014, 0,85 274. 469, 7.2 4.9 245'5 
I 11- 94-.1.1 100. L 4-2.7 35249. 17.4 322790. 0.022 2027. 2.7 19508, 0.98 316. 316, 2.6 2.8 27. 215\ 2581 
O. 3154lS. 0.045 
1- 43.8 41'146. 14. 1 316755. 0.041 2918. 4.0 19143. 1. 71 551 • 46O. 3.4 I. . 0 3293 
2. 43.5 39838. 14.8 319531. O.O~2 2696. 3.7 19311, 1 .37 444, 393. 3.1 3.7 2.97 
3. 42.9 31,849. 16.5 32224-0. 0.o2lt 2239. 3.0 19475, 1, 04 337. 322. 2.7 3. 1 '2643 
4. 42.3 35305 .. 17 • 0 324831. 0.016 2075. 2.8 19631. 0.73 235. i!48, 2.3 2.9 2~60 5. 41 .9 31162, 19.6 327172. 0.009 1586, 2.1 19"773. 0.43 138. 170. 1 .8 2.2 2090 6, 41.7 Z7193. 22.4 329164. 0.003'. 1216. 1 .6 19893, 0.16 51. 87. 1 .3 1.7 1816 
I I 1. 95.\.1 93. L 43.1 34498. 18.3 323432. 0.022 1880. 2.5 19547. 0.98 315. 315. 2.6 2..6 27 199. 2557. 
o. 316079. 0.041. 
1 • 44.5 40319. 15.4 317526. 0.040 2619. 3.6 19190. 1. 69 545. 454. '5.4 3.6 3259. 
2, 43.8 39207. 15.6 320403. 0.031 2520. 3.G. 19363. 1.34 434. 38/t • ~ . 1 3.5 2947. 3, 43.1 37 232. 16.1. 323147. 0.023 2274. 3.1 19529, 1. 01 327. 312. 2. 7 3.1 ~634. 4, 42.S 34907. 17.5 325729. 0:015 1994. 2.7 19685. 0.69 224. 236, 2.3 2.8 2356. 
5. 42.2 29203. 21 .4 327953. ·0.0(l9 1366. 1.8 19820. 0.41 132. 162. "1.7 1 .9 2040. 
6. 42.0 26057. 23.5 329843. 0.003 1109. 1 .5 19934, 0.15 49. 84. 1 .2 1 .5 1812. 
I 1 I . 96. W 100. L J6.6 30683. 14.7 3539'2. 0.017 2088, 2.6 21389. 0.78 251 • 2.51, 2.. 1 2.7 25. 221- l.4 0 5, 
O. 347675. 0.035 
1. 37.5 3~871 . 11. (} 31.8931. 0.031 3341 , 4.3 211)88. 1. 33 431 • 359. 2.9 4..3 3043 
2. 37.0 35,65. 11 .8 351502. 0.024 2985. 3.8 21243. 1. 05 339. 30O. 2.6 3.9 27 2.5 
3. 36.4 3243J. 13.1 353976. o . iJ17 2 '~6 7 . 3.1 2139 2. 0.77 248. 2.37. 2..2 3.2 2422 
4. 35.8 31248. 1 J. 4 356298. 0.011 2327. 2.9 21533. 0.50 161 • 171. 1 • R 3.0 2167 
5'. 35.9 26442. 17. , 3581!37. 0.006 ",549. 1.9 21645. 0.27 R9, 109, 1 . 4- 2.0 1894-
6. 36.6 21941. 2, .0 359/,97. 0.u0 2 1()44. 1 .3 21726. 0.10 32. 55, 0.'1 1 ,3 1689 

0 
0 
RN S .6T ATf ~ X 
hTP Rc l/Xt t A B 
hTP hTP n q hTP L SG - H H ov h hLT x -y Chen. 
JJI.101.w 41 . L 91.3 67720. 41 .5 58759. 0.187 1631 • 8.k 3551 . 7,84 2533. 2~33, 15.6 7.6 30. 173. 3133 
O. 45233. 0.374 
1. 93.0 7539 it • 37.1 47749. 0.339 2032. 12.7 2886. 16.16 5218. 4351 • 20.4 9.5 3748 
2. 92.2 72373. 38.7 52675. 0.2?1 1871 • 10.8 3183. 12.09 3905. 3458. 18.3 8.7 3482 
3. 91 .4 69670. 40.1 571.07. 0,206 1738. 9.4 3469, 8,73 2819. -2691. 16.3 8.1 3225 
4. 90.7 65312. 42.4 61924. 0, -143 1552. 7.9 3742. 5.89 1901 • 2008. , 4. ~ 7.2 2936 
5. 90.3 63618. 43.8 1S6215. 0,084- 1454. 7.0 4002. 3.42 1106. 1362. 12.5 6,8 2719' 
6. 9 0.1 59453. 46,8 70288. 0.028 1271 . 5.8 4248. 1.19 386. 660. 10.2 5.9 21.97 
J 1 1 .102 . w 79. L 91 .5 67624. 41 .8 157009. 0.080 1617, 3.9 9489. 3,28 1059. 1059. 7.4 3.8 :53 . 171 . 3377 
O. 143288. 0.161 
1 • 93.8 75323. 37.9 145891. 0.145 1985, S ,1 8817. 5,98 1931 . 1610, 9.'; 4.7 4218 
2 , 92.1 72155. 38.8 1510 33. 0.115 1859, 4.6 912 8 , 4,70 1519. 13 45. 8.6 4.4 3838 
3, 90.6 68736. 40.1 155920. 0.087 1715, 4.2 9423. 3.54 1142, 1090. 7.6 4.0 3453 
4. 90.0 66971 , 40.9 160494-. 0.060 1638. 3.9 9699. 2.47 798. 843. 6.8 3.8 3125 
S. 9 O. 7 61925. 45,1. 164636. 0.036 1363. 3.2 99 50, 1 ',51 489. 602, 5,7 3.2 278'2 
6. 91 .0 60633. 46.8 168622. 0.012 1297. 3.0 10191, 0,57 184. 315, 4.7 3.0 2564 
. . . 
. 
11! .103.W 100, L 90.0 70321 . 38.2 1692 4 5. 0.078 1842. 4.2 10228, 3.1 9 1030. 10 30. 7.2 4-, 1 34. 195. 34-61 
O. 154918. 0.1 56 
1 • 92.3 76706. 35.3 157621. 0.141 2170. 5.2 9526. 5.80 1874. 1562. 9.2 4.8 4153 
2. 90.5 74962. 34-.9 162952. Cl. 11 2 2146. 5.0 9848. 4,58 1/.78. 1309. 8.4- 4.8 • 3954 
3. 89.1 71853. 36.1 168031. 0.085 1990. 4.5 10155. 3.45 111 5. 10 65, 7.S 4.4 3571 
4. BR.3 69075. 37.5 172828. 0.059 1841 . 4.1 1 0 1.45 • 2,41 780. 824. 6.6 4.1 319'5-
5. 89. Z 66866. 1.0.1 ,77142. 0.035 16(,6. 3.6 10706, 1 ,49 481. 592. 5.7 3.7 2858 
6. 89.7 62462. 44.'1 181320. 0.012 1418. 3.0 10958. 0.57 183. 313. 4-.5 3.1 . 257 S' 
Jl1.104.\.I 58. I. 90.5 69442. 39.4 102551 . 0.119 1163. 6 .'\.1 6198. 4.86 1569. 15 69. 10 .5' 5'.6 32. 
187 . 3296 
O. 88683. 0.238 
1 • 92.2 76128. 35.7 912ts3. 0.216 2131 . 7.9 5517, 9.22 29.1 7 . 2482.13.4 6.8 4031 
2 • 91 .0 72062. 37. 8 96299. 0.173 1906. 6.a 5R20, 7,1 Cl 2322. 2.0 56.12.0 6. 1 3713 
3, 90.0 69695. 38.7 1010(S3. {).13~ 180(\. 6.2 6109. 5,39 1741 • 1662, 1 (I h 5.7 3390 
4, 89.5 6900L.. 38.7 105724. O. \)9 Z 17 Aa:.. 5.9 6339. 3.74 1209. 1277. 9.7 5.7 3086 
5 • 89.2 66348. 40.6 11U211. 0.053 1636. 5.l 6()61 , 2.21 714, 879, 8.4- 5'.2 2795 
6. 89.9 63412.. 43.5 '141.06. 0.017 1456. 4.5 6914. 0.78 250. 429. 6.9 4-.~ '2590 
0 
-" 
hTP 
l/Xtt SG 
hTP 
'H 
hTP 
RN 5 n AT q AT:r ~ X hTP ReL A B -H Chen ov ~ hLT x - y 
I tlI.10S.\'J 41. L 93.6 73472. 39.3 3462R. 0.297 1 ~69, 1 5 . 1 2093. 13.54 4373. 4373-. 24.0 11.93u. 198, 3150 
O. 20007. o . 594 3632 1 • 95.4 79653, 36.0 22662, 0.540 2211 . 25.1 1370. 33. 9 6 1097 0. 9146, 32.6 1 4.0 
2 • 94.6 77651.. 36,9 27881 , 0.4 J I. 2106, 20.2 1685. 23.15 7478. 6622. 2.8.6 13.4 3~65' 
3 . 93,7 76307, 37. , 32994. 0.330 2057. 17.3 1994. 15.55 5024. 4797. ~S.4 13,0 3265 
4. 93,0 75511. 37.0 38032, 0.2.28 2033, 15,3 2298. 9.80 3166. 33 4 4. 2.2..7 1 2.,9 3042 
5. 92.6 69352. 41 .5 42828. 0.130 1670. 11 .4 2588. 5.33 1722. 2120, '9.1 10.6 '2797 
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1- 36.0 23341 • 1 9 . 4 43914. \I .158 1203. 8.0 2654. 6.51 2103. 1753. 9,9 7.3 2054 
2. 36.0 23021. 19.6 45444. 0.,28 1174. 7.6 2746, 5.25 1694 '500 • 9.1 7.1 '1942 . 
3. 35.1 21931. 20.1 46943. 0.100 1092. 6.9 2837, 4.06 1310. 1251 , 8.2 6.6 1829 
4. 35.3 23732. 18.5 48464. 0.070 1285. 7.9 2929, 2.88 932. 984. 7.7 7.~ 1782 
5. 35.4 22792. 19.2 49995. 0.041 1187. 7.1 3021 • 1. 73 557. 686. 6.7 7.2 1634 
6. 35.4 20944. 20.6 51435. 0.013 101 8 . 6. (I 3108. 0.62 199. 340. 5'.2 6.2 1541 
III.2'35~\oJ 22. L 37.2 24736. 19.6 33552. o . 128 1262. 10.5 2028. 5.21 1683. 1683, '1 .2 9.8 18, ,34 . 1858 
O. 28649. 0.251i '" 
1. 37.5 26554. 18,6 2949"3. 0,233 , 429 • 13.1 1782. 10.07 3252. 2712. '14..2 11 . 0 2123 2. 31.9 24657. 211.~ 31169 • 0 '189 1214. , U. 7 1R84. 7.95 2568. 2274. 1·2.6 9.4 ,9 SI 2.. 3. 37.4 24373. 20,1 32Hu2. 0,147 121'+ . 10- 2 1982. 6,04 1952. 1R64. 1 1 .5 9. I. 1888 It. 37.3 ?4752. 19,7 3'+42H. U. " n 5 125'.1 . 10.2 2(1b1. 4,26 1377. 1455. 1 11, I, 9 . 7 17X';: 5 . 37.2 24657. 19.6 36,) 6·1 , 0.062 1257. 9. H 2179. 2.56 827. 1018. 9 . '. 9,7 ,7l1 6 .. 36.8 23424, 20,1 37664, 0.021 1165. 8.13 21. 76. 0. 9 1 294. 503. 7.7 9.0 1642 

~ 
0 
CD 
RN S n AT q ATf · '\. X hTP 
hTP ReL l/Xtt A B 
hTP hTP 
ov ~ SG .- H H 10353. 2,29 738. \T x y Chen IJI.240.W 79. L 58. , 4~857. 22.7 171313. 0.055 2156. 4.X 738. 5.4 4. 29. 228. 2891. 
o . ItS1293. 0.111 
~ . 60.1 51.867. Z 0.1 '163095. 0.101 2733. 6.4 9857. 4,10 1323. 1103. 7 . 0 6.1 3606, 
2 • 59.1 51519 . 21 .7 'l667bO. 0.080 2376. 5.5 10079. 3.28 1058. 937. 6.3 5.3 3280, 
3 . 58.3 49071 . 22.8 1702.:n. 0.061 2153. 4.9 10288. 2.52 814. 777. 5.6 4.8 '2978. 
4. 57.8 4791 2. 23.1 ~73546. 0.043 2076. 4.6 10488. 1 ,BO 582. 614. 5.0 4.6 2677. 
5. 56.7 4~624. 23.0 176867'. 0,025 2029. 4.4 10689. 1. 07 347. 427. 4.2 4.5 2397, 
6. 5'6.4 43147. 25.3 '798~5. 0.008 1 ?O6. 3.7 10871. 0,38 '24. 212. 3.2 3.8 2159. 
111.241.1<1 100. L 57.9 50503. 21 .3 210191- 0.0 48 2376. 4.5 12703, 1 ,99 642. 6 42. 4.7 4.5 30. 25" 2984. 
. O. 199660. 0.095 
1- 60.2 51,888. 18.6 20l561. 0.087 3055. 6.0 121 81.: 3.54 1143. 953, 6~2 5.8 3795. 
2. 59.3 53719. 20.2 205409. 0.06y 2663. 5.2 12414. 2.84 918. 813. 5.5 5.1 3441. 
3 . 58.2 51271. 21 .0 209115. 0.053 2446. 4.7 12638. 2,18 704. 672. 4.9 4.7 3100. 
4. 57.3 501'9. 20.9 212667. 0.036 2395. 4.5 128 52. 1. 55 499. 527. 4.4 4-.6 £183 
5 . 56.5 47958. 21.8 216074. O' .021 2.199 . 4.1 13058, 0.93 300. 369. 3.7 4.2. ~486 
6. S6.0 43062.. 25.0 219195. 0.007 1 72'+. 3.2 132 4 7. 0.34 109. 186. 2.7 3.3 2183'. 
I 
li1.242.W 31- L 58.2 44319. 26.2 67089. 0.117 1689. 8.0 4055. 4.75 1536. 1536 '0.3 7.6 25. 179. 2543 . , 
O. 58233. 0.233 
, .. 59.2 49080. 23.6 S9 7'1 5. 0.213 2076. 10.8 3614. 9,06 2925. 2439, '3.2 9.3'---; 3068 
2- 59.4 46437. 25.8 62936. O. '171 1801 . 9.0 3804. 7.12 2299. 2036. 11 .9 8.1 2831 
3. 58. 6 41.046. 26.8 65976. 0.131 1642. 1.9 3987. 5,37 1734. 16 56. 10.6 7,4 2609 
4. 58.6 1.3417, 27.3 68864. 0.093 '593. 7.4 4162. 3,80 1226, 1295. 9.6 1.1 2418 
5 • 57.B 42536. 27.2 71757. 0.055 1,66. 7. , 4337, 2.28 737. 907. 8.4 7.0 2266 
6. 56.6 40397. 27.6 74584. 0,018 1464. 6.4 4507, 0.80 259. 443. 6.8 6,6 2080 
I 1 I . 243. w 30.' L 60.7 46991 . 26.7 63912. 0.127 1759. 8.7 3862. 5.18 1675. 1675. 1 1 • 1 8.1 25. 186. 2627 
O. 54624, 0.254 
1 • 61 .5 52236. 23.5 56344. 0.250 2222. 12.2 3405. 9,93 320 7 . 267 4. '4.3 10.3 3125 
2. 61 .2 49102. 25.6 59707. 0.184 1918. 10.0 3608. 7.71 2491 • 2206. 12 . ~ 8.9 2905 
3. 60.4 4701 ~. 26.4 62930. 0.140 1779 . 8.9 3803. 5.75 1859. 1775, 11 . 5 8.2 2679 
4. 59.8 1.5968. 26.6 66041. 0.098 .172Y. 8.3 3991 • 3.98 1286. 1359. 10.3 8.0 2480 
5, 59.8 44923. 27.3 69040. 0.057 1644. 7.6 4172. 2.35 758. 933, 9. Cl 7.6 2296 
6 .. 60.8 42703. 30.0 71850. 0.018 1422. 6.4 4342. 0.82 266. 455, 7.3 6.6 2173 
-_.-. _.- _ .. 
----
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RN 5 AT ATf · ~ X hTP 
hTP ReL 1/ Xtt. A B SG 
hTP H 
hTP n q 
- - H ov 
4\ 
~ x y Ch en 
111.244.\..I 1 OU. L 58.5 50784. 21 .7 203417. 0.01.9 2344. 12293. 2.04 658. 658. 4.9 I../[ 30. 248. '2991 , 
o. 192951. 0.098 
, . 60.4 56844. 18.9 194888. 0.081,1 3006. 6.1 11778, 3.62 '169 • 975. 6.3 5.9 3763: 
2. 59.4 56460. 18. '1 198857. 0.070 311 Z. 6.2 12018, 2.88 930. 823. 5.8 6.1 3440; 
3. 58.5 5'028. 19.1 202691 • 0.052 2822. 5.5 12250, 2.17 701 • 669. 5.1 5.S 3092, 
4. 57.9 47882. 23.2 206183, 0.036 2060. 4.0 12461 • 1 .53 493. 52,. 4.3 4.0 2708, 
5. 57,5 46218. 24.1 209382. 0.021 1920, 3.7 12654. 0.93 300. 36 9. 3.7 3.8 2432. 
6. 57.3 43273. 26.1 212377. 0.007 1658. 3.1 12835. 0.34 111. ,89, 2.8 3.2 2178. 
. 
~ .... 
III.24S.W 80. L 58.0 47394. 23.7 179879. 0.051 2000, 4,3 10871 . 2.12 685. 685. S' • 1 4.3 28. 212. 2843 
0, 170199. 0.102 
1 • 60.0 53220. 21. 3 171924. 0.093 2498. 5.6 10390. 3.79 1224, 1020. 6.6 5.4 3554 
2. 59.9 50986. 22.8 175399. 0.075 2234. 4.9 ·10600: 3,05 987 874, 5.9 4,8 3260 
• 3. 58.4 47569. 24.0 178922, 0.056 1982. 4.3· 10813, 2.32 749. 715. ·5.2 1.,3 2921 
t.. 56.5 4-5861. 23.4 182373. 0.038 1960. 4.2 11022. 1. 60 517. 546. 4.6 4.2 2620 
5. 56.1 44415'. 24.1 185433. 0.022 1846. 3.9 1'1207. 0.96 309. 381. 3.9 4-.0 2371 • 
6 • 56.7 t.2313. 26.2 188181. o • 0 07 '< !"1 61 4 . 3.4 11373. 0.35 114. 195. ·3.0 3'.5 2158 
IT1.246.W 60. L 59.4 47259. 25.3 127726. 0.069 1871 . 5.3 7719, 2,85 920. 920. -6.6 5. 2 ~7. 198. 2760, 
O. 118188. 0.139 
'1 • 61 .3 53343. 22.4 1,9913. 0.126 2377. 7.1 7247, 5,16 1668. 139 1 • a.5 6 '6·--· 3410 . . 
2. 60.8 51457. 23.4 123441. 0.101 2202. 6.4 74 6 0. 4.10 1324. 1173, 7.7 6.2 31,9: 
3. 59.5 47955. 24.8 ,26884. 0.076 193'j • 5.S 7668. 3.09 998, 953. 6.8 5.4 2843: 
4. 58.5 t.t~452. 26.5 ,30075. 0,052 1680. 4.7 7861. 2,17 702. 741. 5.9 4..7 Z; 49 
5, 58.1 43375'. 26.8 '33031 . 0.031 16,6. 4.4 8040, 1. 32 427. 525. 5.1 4.5 2301 
6, 58.3 42971 . 27.4 135844. 0.010 1569. 4.2 8210. 0,49 157. 268. 4.2 4,4 2184 
i: 
Jl!.247.w 40,. L 60.7 46747. 26,9 84373, 0.099 1737, 6,9 5099. 4.05 . 1307. 13'07, 9,0 6.6 26. ,84. 2663 
0, 75060. 0.199 . ~ I 
~ , 61 .7 51881 . 24.0 76745. 0.'81 2164. 9.2 4638. 7.55 24 40. 2034. 11 .5 8.2 3220, f 
2. 61. 8 4996 S • 25.6 80092.. 0.145 . 1954. 8. , 4840. 5.96 1926. 1705. , 0.5 7.4 2978 f I 
3. 61.1 4745 9 . 26.7 83375. 0.110 1776, 7.1 5039. 4.48 1448. 1383, 9,3 6.7 2724 I 
4, 60.0 44659. 27.8 86510. 0.077 1606. 6.2 5228. 3.13 1011. , 068. 8.1 6.1 "2.498 t 
5, 59.7 43332. 28.5 89441 . 0.04S' 1521 . 5.8 5/.05, 1 ,89 612. 753. 7.1 5,8 2293 i 6. 60.0 43185. 28.8 92271. 0.015 1497 . S.S' 5576. 0,69 221. 379, 5.9 5.7 2175 L 
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Table 5.1.3 EXPERIMENTAL RESULTS FOR WATER, REBOILER TUBE IV . 
RN 
S 
n 
AT 
ov 
q 
x 
,'0 
1 
Run number 
96 submergence 
Compartment number. 
',t.. 
L indicates length-mean va.lues 
o indicates va.lue at the reboiler ~ube ou~let 
Overail temperature driving force 
Heat flux based on the inside area 
Inside film temperature drop 
Liquid phase mass flux (superficial) 
Vapour quality, wt. fraction 
2 Btu/hr.ft 
/h 20 Two-phase heat transfer coefficient Btu r.ft. F 
/ 
2 0 
Liquid flowing alone coefficient Btu hr.ft • F 
11- = ~.023 (~) rG( 1-X)Dj J 0.8 (l!9?) 0.4 
-~ Di l PL K L 
ReL Reynolds number of the liquid phase 
A 
. .B 
SG 
Reciprocal of the Lockha:ct-Hartinelli 
parameter = ( l:X 
(Ga)O.3( 1 ) 
Xtt 
where, Ga 
) 0.9 (...;.P...;:;L_) 0.5 ( }Lv 
Pv }LL 
Schrock and Grossman X-axis coerdinate 
[ 4: 1 2/3 ] 
SG = ~o x 10 + 1.S(X--) 
tt 
Schrock and Grossman Y-axis coerdinate 
~ GD. 0.8 0.33 
~T = 0.023 (D.'") (-2.) . (J1~P) 
. 1 PL' L 
------------------------------
H 
x 
H 
Y 
hTP 
Chen 
. , 
Hughmark X-axis coerdi~te 
C 0.25 D.Vl PL-O•55 (~) (1 m ) 
K l Pr..-
Hx = PL - pv~~.8 1 0.45 L 0.25 (p ) (~ cp) ('iQ) 
v L L 
Hughmark y-axis coerdinate 
hTP Di 
Two-phase heat transfer coefficient predicted 
by Chents correlation 
11 2 . 
-~ 
w 
S A.T AT£, <\. X hTP 
hTP ReL 1/ Xtt. A ·B SG 
hTP H 'H hTP RN n q -. 
-ov ~ ~T x y Chen i 
IV.306.W 80. L 80.5 73014. 23.3 230198. 0.054- 3138. 6.2 24243. 2.2/+ 1192. 1192. 5.7 6.2 41 . 519. 3051 ,I 
o • 217036. 0.108 
.23072. 1787, 1. 83.9 86353. 1 5 • 1 219980. 0.1(10 5718. 11 • 8 4.06 2163. 7.5 11.3 3878 
2 . 81. 5 80737. 17.7 222809. 0.084- 1.574, 9.3 .23465. 3.44 1833. ,573, 6.9 9.0 3597 
3. 80.1 77928. 18.7 226148. 0.071 4171 . 8.4 23817. 2.90 1542; 1381 , 6.4 8.2 3363 ! 
4 • 7Q.6 75120; 20.6 229168. 0.058 3651 . 7.3 24135. 2.41 1281 • 1206. 5.9 7.2 3135 : 
5 • 79.5 7161U. 23.5 231962. 0.047 3050. 6.0 24429. 1 .95 1040. 1040 •. 5.4 6.0 2938 ~ 
6 . 79.5 68802. 25.8 234626. 0.036 2665. 5.2 24709. 1. 52 810. 874. 4.9 5.3 2736 : 
7 . 79.5 66695. 27.6 237188. 0.025 .. 2418. 4 .. 7 24979. 1 .10 587. 700. 4.4 4.8 2571 25242. 0.69 365. 507. i 8 . 79.5 65291. 2B.7 239683. o .015 2271 • 4.4 3.9 4.5 2429- i 
9 . 79.5 64589. 29.3 242138. O.OOS 2202. 4.2 25501. 0.25 134 •. 259. '3.3 4.4 2395 1 
.. 
-.------
IV.307.'" 68. L 61.5 54477. 19.6 226257. 0.041 2779. 5.6 23828. 1. 74 925. 925. 4.6 5.6 36. 513. 2643 ; 
O. 216501 • 0.083 
1 • 63.7 63380. 14.5 217943. 0.077 4377. 9.1 22952. 3.13 1666~ 1376. 6.0 8.9 3314 ' 
2. 62.3 61061 . 15.0 220625. 0.065 4064. 8.3 23235. 2 .. 68 1426. 1223. 5.6 8.2 310S ; 
3. 6t.5 58227. 16.5 223085. 0.055 3526. 7.2 23 /+94 2 27 1207. '081 • 5.1 7.1 2909 : 
18.1 225364. 6.2 • • 4. 61.0 55650. 0.045 3074. 23734. 1. 89 1004. 946~ 4.7 6.2 2723 i 
5. 60.9 53074. 20.1 2.27442. 0.036 2638. 5,3 239 53. 1 .54 819. 819~ -4.3 5.3 2534 : 
6 , 60.9 51528. 21.3 229 432. 0.028 2416. 4.8 24162. 1 .20 641 • 691 • 4.0 4.9 2392 \ 
7. 60.7 50498. 22.1 231390. 0.020 2290. 4.5 24369. 0.87 463. 552. 3.6 4. ~· .. --w; 2246 ! 
8. 60.7 48436. 23.7 233262. 0.012 2043. 4.0 24566. 0.54 288. 400. 3.1 4.1 2136 ; 
9. 60.7 48436. 23.7 235096. 0.004 2043. 4.0 24759. 0.20 106. 206. 2.6 4.1 210" ; 
IV.308.W 52. L 66.7 55938. 23.6 191'261. 0.049 2375. 5.5 20142. 2.05 'O90~ 1090. 5.3 5.5 36. 438. 26351 
o , 181359. 0.098 i 
1 • 68.6 70184. 13.6 182916. 0.091 5'1 47. 12.3 ·19264. 3.69 1967; 1626. 7.2 11.8 3311 ;. 
2 . 67.1 66514. 15.2 185799. 0.076 4365. 10~3 '19567. 3.12 1662. 1426. 6.6 10.0 3102 : I 
3, 66.6 60551. 19.7 188306. 0.064 3077. 7.2 19831 • 2.63 1399. 1253. 6.0 7.1 2884 7 i 
4 . 66.4 58716. 21 .0 190600. 0.053 2796. 6.5 20073. 2.18 11 5'9 ; 1091 • 5.5 6.4 2710 ; I 
5 . 66.3 .56422. 22.8 192794. 0.042 2475. 5.7 20304. 1 • 75 930. 930. 5. , 5.7 2542 ! 
6 • 66.1 50000. 27.9 194837. 0.031 1795. 4.1 20519. 1 .35 716 ~ 773. 4.4 4.1 2343 ! 
7 • 65.9 4839 S. 28.9 196743. 0.022 1673. 3.8 20720. 0.97 514. 613. 3.9 3.8 2209 : 
8 • 65.9 46331. 30.6 198534. 0.013 1515. 3.4 20908. 0.60 ~20. 444. 3.4 3.5 2083 ; 
9. 65.9 46331. 30.6 200287. 0.004 1515. 3.4 21093. 0.22 118. 228. 2.9 3.5 2069 . 
,.. . - ~-. . .... _.- .-_ ... -
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RN S n ~T q ATf ~ X hTP 
hTP !{,eL. l/Xt,t' A B SG hTP H Hy hTP l 
ov -
X I 
~ ~8 Chen I IV.309.w 88. L 62.5 57222. 18,4 320159. 0.030 3106. 33717, 1 .27 675. 675, 3.6 37. 573. 2729. j. 
O. 310421 • 0.059 
I 
, 
! 
1 . 62.1 72829 . 4.9 311808. 0.055 14729. 22.9 32838. 2.27 1208. 998. 4.9 22.8 3502., i 
2. 62.1 67887. 9.2 314466. 0.047 7401 • 11 . 4- 33118. 1.95 1039. 891. 4.5 11 .5 '5t!67./ 
3. 62.4 62425. 14. (I 316858. 0.040 ~466. 6.9 33370. 1. 67 887. 794. ' 4.1 6.9 3047 ! 
4.. 62.7 57483. 18.4 319016. 0.033 3122. ft.. 8 33597. 1. 41 749. 70S, 3.7 4.8 2824 I 
5 . 63.0 54101. 21 . 4- 321052. 0.027 2526. 3.8 33811, 1.16 618 ; 618,' 3.4- 3.9 2639 I 
6 • 63.0 51760. 23.3 323078. 0.021 222"'. 3.4- 34025, 0,91 486. 524. 3.0 3.4 2464 .1 
7. 62.7 50460. 24.1 325'096. 0.015 2093. 3.2 34237, 0,66 353 421 • 2.7 3.2 2295 'I , 
8 . 62.6 49419. 24.8 327032. 0.009 1990. 3.0 34441, 0.41 220. 306, 2..4 3.1 219°1 
9 . 62..5 48639. 25'.3 32.8933. 0.003 1919, 2~9 34641 •. 0.15 82. 159, '2.0 3.0 2117, 
IV.310.W 62. L 54.1 47782. 17 .6 225831 . 0.035 2719. 5.5 23783. 1. 50 797. 797. 4.1 5.5 33 
50,. 2462,1 
O. 217572. 0.071 
I 
I 
1 . 54.2 58729. 8.8 218692.. 0.066 6691 . 13.8 230'31 • 2.70 1438. 1188, 5.~ 13.6 3088,1 
2. 54.1 53622. 12.9 22.0838. 0.057 4159. 8.5 23257. 2.34 1245, 1068, 5.0 8.5 2887.! 
3. 54.2 50217. 15.7 222801 . 0.048 3203. 6.5 23464. 2.01 1069, 958. 4.6 6.5 2710 t 
4.. 54.3 48090. 17.5 224634-. 0.040 2743. 5.6 23657, 1 .70 905: 852·.~4. 3 5.6 2538, • 
5. 54.5 46175. 19.2 226389. 0.033 2404, 4.8 23842, 1 ,40 747, 747., 3.9 40.9 2388! . 
o. 54.4 44685. 20. 4 2.28123. 0.025 2196, 4.4 24025. 1 .11 590. 636. 3.6 4.'5,,-., 2241 . 
7. 54.2 43408. 21 • 1 229848. 0.018 2053. 4.1 24206. 0.81 431 , 514. 3.2 4.2. 2134 
8. 53.9 42710. 21.3 231564. 0.011 2006. 4.0 24387. 0.50 268, 373, 2..8 4.1 2030 
9. 53.5 42344. 21. 3 2~32S9. 0.004- 1985'. 3.9 24565. 0.18 98. 189. 2..4- . 4.0 1993 ,. 
, •• _ • .- _· __ 4 ~-
IV.311.W 87. L 55.4 49214. 17.7 3405'98. 0.024 2774. 4.0 35870. 1 .03 547. 547. 3.0 4.1 35, 5"12. 2530 
O. 332397. 0.04-7 I 
1 . 54.7 60899. 7.5 333515. 0.044 8099. 12.0 ,35124. 1 .83 977. 807. 4.1 1'2.0 3223! 
'2, 55.0 55506. 12. Z 335631 . 0.038 4543. 6.7 35347. 1 .60 850. 729. 
3 . 55.1 51910. 15.3 3376'2.2. 0.032 3398. 5.0 35556. 1 .37 729. 653. 
3.7 6,7 3006 
3.4 5.0 2806 1 
4. 55.3 49438. 17 . ~ 339497. 0.027 2839, 4.1 35754. 1 .15 615. '579. 3.1 "4,2. 2628 ! 
5. 55.6 47191. 19.6 341204-. 0.022 2411. 3.5 35934. 0.96 510. 510. 2.9 3.6 24751 
6 . 55.8 45843. 20.8 342901. 0.017 2200. 3.2 36113. 0.76 404, 436. 2..6 3.3 2320; 
7 . 55.8 44719. 21 .7 344628. 0.012 2058. 3.0 3629 4. ' 0.55 295, 352. 
a. 55.8 43820. 22.4 346310. 0.0(17 1952. 2.8 36471. 0,35 184. 256. 
2.3 3.0 2201 ! 
2.0 2..9 2088! 
9. 55.8 43596. 22,6 347972. 0.002- 1927. 2.7 36646. 0.13 68. 13 2. 1 .7 2..9 2016; 
- - - .. -- .--- ,~-.-- --
->0 
...... 
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RN S n AT q A Tf ~ X hTP 
hTP Re L l/Xtt A B hTP hTP ov ~ SG H H - x y \:9 Chen IV.312!.J . 40. L 62.5 57355. 18.3 145803. 0.061. 3141 . 9.0 15355. 2.61 1390. 1390. 6.7 35. 579. 2612. ' 
o . 135913. 0.127 
1 . 63.0 69895,. 8.3 137282. 0.118 8405. 25.2- 14458. It .82 2568. 2122. 8.9 23.7 3230.: 
2. 62.7 65236. 11.9 ,39888. 0.102 5459. 16.1 ,14732. 4.13 2201. 1888. 8.2 15.4 3043. : 
:3 • 62.6 61612. '4.9 11.2306. 0.086 4140. 12.1 '14987. 3.5 0 1866. 1671 • 7.6 11 .7 2864. · 
4 . 62.6 58505. 17.4 144596. 0.071 3369. 9.7 '15228. 2,92 1554. 1463. 7.0 9.5 2687.: 
5 • 62.6 55657. 19.7 146756. 0.057 2822. 8.0 15455. 2.37 1262. '262. 6.4 8.0 2537. ; 
6 . 62.6 53328. 21.6 148830. 0.044 2471. 7.0 15674 1.85 982. . 1059. 5.8 7.0 2371. ; 
7 • 62.3 2ia9. . 51774. '22.6 150858. 0.03'1 6.4 15887. 1.33 70B. 845. 5.3 6.5 2265. ; 
8. 62.1 50480. 23.4 152832. 0.018 2153. 5.9 1609 5. 0.82 436. 607. 4.7 6.1 2174. i I 
9. 62.0 49703. 24.0 154750. 0.006 2074: 5.7 16297. 0.30 159. 301. 4.0 5.9 2115'.i. 
IV.313.w 30. L 64.7 54488. 22.8 103587. 0.084 2395, 9.0 10909. 3.44· 1830. 1830. 8.4 8.7 33. 442. 2495.\ I 
O. 94050. 0.169 
1. 67.0 63866. 17.3 95421.. 0.156 3683. 14.8 10050. 6.46 3438~ .2841. 1 1 .1 13,4 3040, ; 
2 . 65.3 59608. 19.2 97944. 0.131- 3111. 12.2 10315. 5.49 2925 •. 2509. 1 0 . 1 11 .3 2856.! 
3. 64.5 56603. 20.9 100223. o . ',14 2710. '0.5 10555. 4.65 2475. 2216. 9.4 9.9 2698. i 
'+. 64.2 5/098. 22;6 102349. 0.095 2390. 9.1 10779. 3.88 2065. 1945. $.6 8.7 2564.r 
5 . 64.2 52846. 23.6 104379. 0.077 2242. 8.4 10993. 3.16 1681. 1681. 8.1 8.2 2437. ; 
6 , 64.1 51844, 24.3 106363. 0.060 2130. .,.8 11202~ 2.46 1311 • 1414. 7 • 5 7,8 ... _. 2316 . ~ 
7 . 64.0 51093. 24.8 108322. 0.042 2057. 7.5 11/t 08. 1 .78 948~ 1131 • 6.9 7.5 2233. : 
8. 63.8 50341 . 25.2 110265. 0.025 1996, 7.1 11612. 1 .10 585. 813. 6.2 7.3 2160, : 
9 . 63.7 50091 • 25.3 11l176. 0.008 1978. 7.0 11814. 0.40 213'; 412. 5.4 1.2 2134. ; 
IV.314.W 78. L 68.7 54789' . 26,S 273909, 0.035 2065. 3.6 28846. 1 .50 798 ~ 798. 4. (I 3.6 37. 381- 2698. f 
0, 263886. 0.011 3456 : I 1 . 11 .4 71102. 15.7 265586. 0.065 4531 , 8.0 27970. 2,65 1413-; 1168. 5.5 7,9 
2. 69.6 62960. 20.7 268641. 0.054 3042. 5.3 28292. 2,23 1187. 1019. 4.9 5.3 3168,: : 
3. 68.6 58347. 23.5 ,71210. 0.045 2478. 4.3 28567.. 1. 87 998~ 893. 4.4 4.3 2936,; ~ 
4. 68.1 54819. 25.9 273500. 0.037 2115. 3.7 28803. 1 .56 828. 180. 4-.0 3,7 2731.; , 
5. 67.9 52376. 27.7 275581. 0.029 1 89 Cl • 3.2 29023. 1. 26 673. 673. 3.7 3,3 2555. ~. 
6. 61.9 50205. 29.4 277532. 0.023 1707. 2.9 29228. 0.99 527. 568. 3.3 3.0 2392.: 
7. 67.7 48849. 30.4 279437. 0.016 1607. 2.7 29429, 0.72 381 • 454. 3.0 2.8 2239.1 
8. 67.7 47763. 31 .:3 28126t.., 0.009 1527, 2,6 29621 • 0.44 237 •. 329. 2.6 2.7 212.'+ 1 
9. 67.7 46671. 32.1 283050. 0.003 1 4S 2 ~ 2.4 29809. 0.16 87. 168. 2.1 2.5 2071 
-" 
-" 
O'l 
RN S n AT q ATf ~ hTP 
hTP Re' l/x"tt A B 
hTP hTP -ov X ~ L SG - H H 
69.5 hLT 
x y Chen 
IV.31S.W 50. L 58960. 24.0 '79733. 0.05S' 2459. 6.0 18928. 2.26 1205. 12.05. 5.8 5.9 36. 454. 2681 . ,! 
O. 169338. 0.109 
1. 71.4 74110. 13.2 17()95B. O. , n ~ 5615'. 14.1 18004. 4.11 2186. 1806, 7.9 ,3.5 3369. ; 
2 • 70.0 69751.. 15.4 173951,1. 0.085 4525. 11 .2 18320. 3.47 1846. 1584. 7.2 10.9 3158. ' 
3. 69.4 63454. 20.2 ,76576. 0.071 3146. 7.7 185 96. 2.92 1554. 1392 • 6.S' 7.6 2939. : 
4. 69.3 62485. 20.8 178994. 0.059 ' 3006. 7.3 18851. 2.42 1286. 1211. 6.1 7.2 2779 .. 
5 • 69.2 59095. 23.5 181308. 0.046 251 4 • 6.0 19094. 1 .94 1031 • 1031. 5.S' 6.1 2S'89. ; 
6. 69.0 53282. 28.1 183462. 0.035 1896. 4.5 19321. 1 .49 793. 855. 4.8 4.6 2387. ! 
7. 68.8 50618. 30.0 185470. 0.024 16'85. 4.0 19533. 1 .07 569. 678. 4.3 4.1 2245. : 
8. 68.8 4-9407 . ' 31 .0 187362. 0.015 1593. 3.7 19732. 0.66 353. 490.- 3.8 3.8 2149. i 
9. '68.8 48438. 31 .8 189212. 0.005 1524. 3., 19927. 0.24 129 '; 250. .3.2 3.7 2108. i 
IV.316.w 100. L 61 . 7 46827. 25.9 369691. 0.024 1807. 2.5 389 34. 1 .04 555; 555. 2.8 2.5 37. 333. 2605. ! 
O. 360650. 0.048 
970. 1 . 64.5 53778. 23.1 362263. 0.043 2325, 3.2 381 51 • 1 .82 801. 3.7 3 .. 2 3310. : 
2. 62.3 49607., 24.4 365048. 0.036 2.037. 2.8 38445. 1.53 815. 700. 3.3 2.8 3033. ; 
3, 61 .4 4 763 2 .\""2 5 . 0 367259. 0.030 1907. 2.6 38677 • . 1 • 30 692. 620. 3. , 2.6 2817 . . 
4 •. 60.8 46315. 25.5 369~38. 0.025 1815. 2.5 38886. 1 .09 581 • 547. 2.9 2.5 2637.r 
5. 60.8 45656. 2~.() 371010. 0.020 1758. 2.4 39073. 0.90 480. 480~ -2.6 2.4 2472. i 
6 •. 60.9 45217. 26.5 372660. 0.016 1707. 2.3 392 /.6. 0.72 38S~ 415. 2.4 2.4 2338. ! 
7 . 60.9 44998. 26.7 374367. 0.01' 1687. 2.3 39/.26. 0.54 285. 340. 2.2 2.3"--, 2215. 
8. 60.9 44339. 27.2 37605A. 0.007 1631 • 2.2 39604, 0.34 183. 254. 1 .9 2.3 2119 1 
9 . 60.7 43'100. 27.3 377815. 0.002 1607. 2.1 39789. 0.13 69. 134. 1.6 2.2 2030 
" 
IV.317.w 80. L 49.S 35089,. 23.0 32.0211. 0.021 1528. 2.3 33723. 0.91 485. 485~ 2.5 2..4 32. 282. 2226 
0, 313408. 0.041 
1 . 51 .8 43351 . 18.8 314683. 0.038 2308. 3.6 33141 • 1. 59 845. 698. 3.4 3.6 2804 
2. 50.1 40017. 1 Y .7 316830. 0.031 2030. 3.1 33367. 1. 33 706. 606. 3.1 3.2 2594 
3. 49.3 38183. 20.3 318593. 0.026 1880. 2.9 33552. 1.11 592. 530. 2.8 2.9 2400 
4. 49.0 36515. 21 .3 320106. 0.021 1712. 2.6 33712. 0.92 492. 463. 2.6 2.7 2258 j , 
5. 49.0 34181. 23.t 3l1433. 0.017 1475. 2.2 33851 • 0.76 404. '404. 2.3 2..3 21'0 . i 
6. 49.0 32347. 24.6 3221'05. 0.013 1317. 2,0 33985. 0.60 318. 343. 2.1 2.1 1972 
7. 48.8 31180. 25.4 323Q44. 0.001,1 1229. 1.9 34116. 0.44 232. 277. 1 .8 1 .9 1870 
8. 48.1' 30346. 25.9 32514S'. 0.006 1172. 1 .8 34242. 0.27 146. 204. 1 .6 1 .8 1786 ! , ; I 
9. 48.S' 29679. 26.2 326355. 0.00' 1133, , . 7 34370. 0.10 54. 104. 1 .3 1 .8 1726 
..... 
..... 
'.J 
RN S n ~T OTf ~. X hTp · 
hTP Re L 1/ Xtt. A B 
hTP hTP 
q - SG H H 1 av ~ ~T x y Chen I I 
tV.31B.w 60. L 50.8 36475. 23.2 ~21696. 0.029 1573. 3.2 23~48. 1 .24 659. 659. 3.4 3.3 30. 290. 2162 . i 
O. 215134. 0.057 
\ • I 
t 
1 • 52.4 43960. 18.9 216215. 0.053 2329. 4.9 22771 • 2.19 1164. 962. 4 .. 5 4.8 2689.1 
2. 51 .0 40207. 20.5 218125. 0.044 1963, 4. 1 22972. 1. 86 989. 848. 4. , 4.1 
f 
2506'1 
3. 50.4 38063. 21 .5 219751. 0.037 1767. 3.6 23143. 1 .58 839. 752. 3.8 '5.7 2343. 
4. 50.2 36812. 22.3 22121,. 0.031 1648. 3.4 23297. 1. 32 704. 663. 3.5 3.4 2213.1 
S . 50. 4 36097. 23.0 222556. 0.025 1567. 3.2 23438. 1. 09 579. 579. 3.2. 3.3 2093·1 
6. 50.4 35204. 23.8 223888. 0.019 14.79. 3.0 23579. 0.85 453. 489. 2.9 3.1 1986. : 
7. 50.4 3377'. 24.9 225192. 0.013 1355. 2.7 23716. 0.62 328. 391 • 2.6 2..8 1890. ! 
8 • 50.4 32523. 25.9 226446. 0.008 1256. 2.5 23848. 0.38 203. 282. 2.3 2.6 1 791 • ~ 
9 . 5'0.4 31630. 26.6 22.7659. 0.003 1190. 2.4 23976. 0.14 75. 144. 1 .8 2.5 1727 • i 
. 
-.- . -.--
-
IV.319.W 102. L 77.3 62717. 28.8 321435. 0.036 2180. 3.3 33852: 1. 51 803. 803. 3.9 3.3 41 . 402. 2953,\ 
O. '509590. 0.071 
1 . 81 . 1 76449. 21 .0 311697. 0.065 3641 . 5.7 32 826. 2.66 1416. 11 70. 5.3 5.6 3793.; 
2 • 18.4 70413. 23.L. 315381 • 0.054 3004. 4.6 33214. 2.22 1184. 1016. 4.7 4.6 3479.1 
3 , 76.9 67252. 24.6 318495. 0.044 2735. 4.2 33542. -1 .86 988. 885. 4.4 4.2 3213.\ 
4 . 76.3 65240. 25.6 321215. 0.036 2544. 3.9 33828. 1. 53 817. 769. 4.0 3.9 299O·f 
5. 76.2 62.078. 26.2 323652. 0.029 2202, 3.3 34085. 1. 24 662. 66 2 .~3 .7 3.4 2774. 
6 . 76.2 58055. 31 .5 325938. 0.022 1846. 2.8 34326. 0.97 516. 556. 3.3 2.8 2580 'I 
7 • 76.2 56043. 33.1 ·328097. 0.016 1693. 2.5 34553. 0.70 375. 447. 2.9 2.6·---_ 2403, 
8. 76.2 5'4893. 34.0 330196. 0.009 1613, 2.4 34774. 0.44 233. 325. 2.6 2.5 2291 " 
9. 76.2 54031 . 34.7 332258. 0.003 1 SS 6. 2.3 34991. 0.16 86. 166. 2 • 1 2.4 2221o! 
J 
IV.320.W 62. L· 78.3 64934. 27.9 198204. 0.056 2331. 5.2 20874 •. 2.30 1226. 1226. 5.8 5.2 38. 430. 2852'j 
O. 186511. 0.111 
1 , 81. 5 79350. 18.8 ,88462. 0.102 4216. 9.8 :19848. 4.16 2214. 1829. 7.8 9.4 3592.1 
.2. 78.4 70951 . 23.0 1919J4. 0.086 3088. 7.1 '20213. 3.49 1858. 1 S9 4. 6.9 6.9 3307i 
3 • 77.3 66607 . 25.5 194783. 0.07, 2617. 5.9 20513. 2.95 1569. 1405. 6.4 5.B 3097, 
4. 77.4 63711, 28.0 197218. 0.060 2275, 5. 1 20770. 2.49 1325. 1247. 5.9 5.1 2899 i 
5 • 77.5 61974. 2~.6 199566. 0.049 2095. 4.7 21017. 2.05 . 1090. 1090. 5.5 4.7 2738" 
6 • 77.5 60815. 3n.5 201897. 0.038 1994. 4.4 21263. 1 .61 857. 924. 5.1 4.4 25831 
7 • 77.6 60526. 30.8 204169. 0.027 1962. 4.3 21502. 1 .18 628. 749. 4.6 4.4 2444j 
8. 77.6 60236. 31.1 206454. 0.016 1938. 4.2 21742. 0.74 393. 547. 4.2 4,3 2345 1 9 • 77.5 60236. 3'1.0 208756, 0.005 1944. 4.2 21985. 0.27 144. 278. 3.6 4.3 2328, 
I 
! 
.... "--~--_. \ 
- -~~.- . ~..........--- *' -..,-- .••. ,--1'"-.• : .... _ -. • - ---" ••• - p",~'" .-
...... 
...... 
cP 
-
hTP 
RN S n AT ATf '\. X hTP Re . l/Xtt A/ B 
hTP hTP 
q L SG H H 
ov ~ h T x y Chen 
IV.321.w 49. L 80.2 65881. 29.0 150162. O.Oll 2272, 6.3 15814. 2.95 1571 • 1571 • 7.3 1;.2 37_ I. 19 . 2815 
0, 138499, 0.11.4 
1 , 83.2 79711 . 20.2 140322. o .133 3940. 11 .6 14778. 5,44 2895, 2392. 9.7 10.8 3485 
2 • 80.8 71127. 25.2 '43547. 0.113 2821 • 8.2 15117. 4,60 2451 . 2103. 8.7 7.7 3236 
3, 79.7 68981. 25.8 146383, 0.095 2669. 7.6 15416. 3.89 2069. 1853. 8.1 7.3 3061 
4, 79.1 68061 . 26.1 149057. 0.079 2608. 7.3 15698. 3.22 171 5~ 1615. 7.6 1,1 2898 
5. 79.3 66222. 27.8 151573. 0.063 2384, 6.6 15963, 2.60 1387. 1387, 7 . 1 6.5 2728 
6. 79.5 63156. 30.5 153989. 0.048 2070. 5.7 16217. 2 •. 02 1074. 1158. 6.4 5.7 2567 
7. 79.5 60090. 33~O 156319. 0.034 1819, 4.9 16463. 1 ,45 771 , 920. 5.7 5.0 2423 
8. 79.5 57944.· 34;8 ~ 58551. 0.020 1665. 4,5 16,t,98. 0.90 ' 477'~ 663. 5.1 4.6 2289 i, 
9. 79.5 57637. 35.1 160736. 0.007 1644. 4.4 16928. 0,33 175. 338., 4.4 4.5 2266 
; 
IV.322.w 100, l 79. '5 64660. 29.3 307079. 0.036 2204, 3.5 32340 •. 1 .54 822; 822. 4-.1 3.~ 40. 406. 2950 I 
O. 295464. 0.073 
~ 
! 
1 . 81. 3 79634. 18.4 297545. 0.066 431 9 • 7.0 31336. 2.72 1450: 1198. 5.5 6.9 375' ! 
2. 79.6 74121 . 21. 5 301001. 0.056 3453. 5.5 31700. 2.30 1222. 1049. 5.0 5~5 3465' ) 
3. 79.6 6677 0 ~,;' 2 7 . 6 303693. 0.047 2420. 3.8 31983. 1.96 1045. 936. 4.5 3.9 3215 ; 
79.5 31.3 306158. 32243. 
. 1. 66 883. 831-4. 62.176. 0.039 1984. 3.1 4.1 3.2 2988 j 
S. 79.4 60338. 32,8 308502. 0.032 1841 . 2.9 321.90. 1.37 728. 728. 3.8 2.9 2799 j 
33.0 310859. 0.025 2.8 32738. 1. 07 570. 
, 
6. 79.1 59726. 1809. 615. ·~3. 5 2.9 2610 j 
7, 78.7 59726. 32.6 313264. 0.017 1833. 2.8 32991. 0.77 407; 486. 3.2 2.~ 2463 l 
8. 78.3 59726. 32.1 315669. 0.009 1858. 2.9 33244. 0.45 239. 332. 2.8 3.0"'--; 2.366 i 
9, 78.7 59726. 32.6 317183. 0.00.3 1833. 2.8 33467. 0.15 81. 156. 2.4 2.9 2322 ; 
IV.323.1,./ 97. L 66.0 49734. 28.0 342857. 0.027 1778. 2.6 36108. 1.17 623. 623. 3.1 2.6 37. 328. 2656 ! 
O. 333320. 0.054 
I ; 
1 • 68.4 62110. 20,2 335126. 0.049 3074, 4.5 3529 3. 2.04 1086. 897. 4.2 4.5 3400 ! 
2 • 66.4 55899. 23.4 338047. 0.041 2390. 3.,5 35601 • 1. 71 912. 782. 3.8 3.5 3111 i : 
'3 • 66.1 52173. 26,1 340199. 0.035 1998. 2.9 35828. 1.47 783. 701. 3.5 2.9 2913 : 
4. 66.1 ~9481 • 28.2 342150. 0.029 1754. 2.5 36033, 1. 25 666. 627. 3.2 2.6 2713 t 
5 • 66.0 48239. 29.1 344028. 0.024 1656. 2.4 36231. 1. 04 552. 552. 2.9 2.4 25501 
6 . 65.7 47204. 29.7 345927. 0.018 1590. 2.3 36431 • 0.82 436. 470. 2.7 2.3 2381 1 
7. 65.3 45962. 30.2 347849. 0.013 1 519. 2.2 36633. 0.59 316. 377. 2.4 2.2 2238: • 
8, 64.8 44305. 31 .1 31.9717. 0.008 14-23. 2.0 36830. 0.37 195. 271 • 2.1 2.1 
,', I 2104! I 
9 • 64.4 42.235. 32.3 351514. 0.002 1306. 1 .8 37019. 0.13 71 • 138. 1.6 1.9 1986! : 
-'" 
-'" 
lO 
hTP Re L ' l/Xtt A 13. hTP hTP RN S n ~T q ATf ~ X hTP - SG - H H ov ~ ~T x y Chen IV.324.W 94. L 89.3 72271. 32.7 305759. 0.041 2207, 3.5 32201. 1 ,72 917 •. 917. " . 5 3,5 42. 407. 3114. O. 292694, 0.082 
1 • 90.9 96222. 1:3 • 
" 
294943. 0.075 7195. '1 . 7 '31062. 3.06 1631. 1347. 6.3 11 .5 4036 . 2 , 89.6 77165. 28.9 298631 . 0.063 2668. 4.3 31/.50, 2,60 1387. 1190. 5,3 4,2 3666 . 3 • 89.5 71854. 33.4 301478, 0.054 2153. '3.4 31750. 2.25 1199. 1074, 4.9 3.4 3'423 . 
4. 89.5 69355. 35.4 304177. 0.046 1959. 3.1 32034, 1 .92 1022. 9 6 2, 4.6 3.1 3211 5, 89.4 68105. 36.4 306805. 0.038 1872, 3.0 32311. 1,59 848. 848, 4.3 3,0 3004 ! 6. 89.1 67168. 36.9 3091.51 • 0.029 18ZD, 2.9 32590. 1,26 673. 726. 3.9 2,9 2813 ! 7 . 88.7 66855, 36.7 312133. 0.021 1821 , 2.8 32872, 0,93 493; 588, 3.6 2,9 2640 : 8 , 88.2 66855, 36.3 314809. 0.013 1843. 2.8 331 54. 0.58 309, 430. 3.2 2.9 2483 1 9. 87.B 6~855. 35.8 317486, 0.004 1865. 2.9 33436. 0,21 114. 221- 2..7 3.0 2429 ; 
IV.32S.w 52. l 87.9 74220. 29.7 151933. 0.079 2501. 6.9 16001. 3.2.3 1721 • 1721, 7.9 6.7 39. 461. 2978 i 
O. 138868. 0.'58 
1 . 90.6 96882. 12.5 1 41 006 • 0.1 45 7744. 22.8 148 50. 5,97 3181 • 2629.11.0 20.9 3729 
2. 88.3 82860. 22.6 144786. 0.123 3661 . 10.5 '152 48. 5.00 2662. 2284. 9.6 9.9 34t.;.~.~ 
3. 87.2 75849. 27.6 11.7961. O.~O3 2746. 7.8- 15582. 4,20 2239. 2005. 8.7 '7,4 3213 4, 86.9 72024. 30.6 150808. 0.086 2355. 6.6 15882. 3.51 1867, 1758,', 8.0 6.3 3008 f 5 , 87.0 69475. 32.9 153462. 0.070 2113. S.B 16162. 2,86 1525. 1525. 7.4- 5.7 2848 i 6. 87.2 68200. 34.1 156038, 0.054 1999. 5.4 16433. 2.25 1197. 1291, 6.8 S.~ 2676 l 7 , 87.2 67563. 34.7 15'8607. 0.039 1949. 5,2. 16703. 1 ,63 870. 10380/ 6.3 5.3"'--; 2561 ; ! 8, 87.2 67563. 34.7 161163. 0.023 1949. 5. , 16973, 1.02 542. 753. 5.7 5.3 2466 i 
9. 87.2 6756:3. 34.7 163720. 0.008 1949, 5.1 17242. 0.37 199. 384, 5.0 5.3 2451 i 
, 
IV.326.w 35, L. 91.3 7363~. 33.6 90512. 0.123' 2190. 9.2 9532, 5.03 2681 , . 2681. 11 .8 .8.6 37. 404. 2848 0, 77781, 0.247 
, . 92.9 89847. 21 .1 79634, 0.229 4251 , 19.7 83 87, 9,85 5244, 4333. '5.9 16.7 3478 
2, 91 .2 84420. 24,2- 830~4. 0.195 3485, 15.6 8751. 8.22 4376. 3754. , 4.6 13.7 3287 
:3 , 90.8 77787. 29.6 86202. 0.165 2630. 11 .5 9078. 6.84 3641 • 3261. 13,2 10,3 3092 4. 91 .0 74169. 32.8 89063. 0.137 2260. 9.6 9380. 5,63 2997. 2822, 12.2 8,9 2919 j 
5 , 91 .1 71757 , 3S ,(I 91809 • o. , 11 2050, 8.5 9669. 4,51 2403. 2403. 11 ,3 8'.0 2763 i 6, 91 .2 '70551 , 36.1 94494. 0.085 1955, 7.9 9952. 3.46 1840. 1984. ~ O. 5 1,7 2646 : 7, 9, . , 68742. 37.5 97140, 0.059 1833. 7.3 10230. 2.41. 1298. 1548, 9.6 7.2. 2519 : 
8. 90.8 65727. 39.8 99707. 0.034 1651 , 6,4- 10501. 1 .46 776. 10"9, 8.5' 6.5 2407 j 
9 , 90.6 59697. 44.6 102103. 0.011 1339. S'. , 10753. 0,52 i74. 530, 6.9 5,3 2333 \.~ 
-.- '--~-----
.'--.-p,-,-'~ .. . 
'" 0 
RN' S n AT q ATf ~ X hTP hTP ReL 1/ Xt.t A B SG 
hTP H H hTP ov ~.9 ~T x y Chen i IV.327 W 75. L 88.4 72982. 31 .3 214219. 0.058 2333. 22560. 2.38 1268. 1268. 6.0 4-.9' 41 , 430. 3042 
! O. 201100. o • 11 5 , 
1 • 91.5 95739. 14. 5" 203294. 0.106 6613. 14.5 ,21410. 4.31 2293. 1895. 8.3 13.8 3872 
2. 89.4 83430. 23.3 207167. 0.089 3583. 7.7 '21818. 3.62 1925. '1652. 7.3 7.5 3561 
3. 88.2 75221t-. 29.2 210436. 0.074 2577. 5.5 22162. 3.04 1619. 1450. 6.6 5.4 3298 
4. 87.6 70779. 32.3 213342. 0.062 2188. 4.6 22468. 2.53 1349. 1270. 6.0 4.6 3081 
5. 87.5 68385. 34.3 215994. 0.050 1995. 4.2 22747. 2.07 1105. 11 05. 5.5 4.2 2880 
6. 87.6 67701. 34.9 218552. 0.039 1939, 4.0 23017. 1. 63 868. 936. 5.2 4.0 2726 
7. 87.6 67018, 35.5 2211 02. 0.027 1888. 3.9 23285. 1.19 631. 753. 4.7 3.9 2567 
8, 87.4 65650. 36.4 223664, 0.016 1803, 3.7 23555. 0.73 388. 540. 4.2 3.8 2452 
9. 87.2 62914. 38.5 226148. 0.005 1636. 3.3 23R17. 0.26 139. 269. 3~5 3.4 2361 
IV.328.W 69, L 51 .7 37066. 23.6 259373, 0.02s" 1570. 2.8 27316. 1.10 587. 587. 3.0 2.9 31 . 289. 2213 
O. 252621 , 0.051 
1 , 53.4 46520. 17.9 253792. 0.046 2601 • 4,8 26728. 1.93 1030. 851- 4.1 4.8 2784 
2. 52.0 40817. 20.9 2SS84~. 0.039 1950, 3.6 26944, 1. 63 868, 7'45. 3.7 3.6 2565 
3, 51.2 38266. 22.2 257541 .. 0.032 1723. 3.1 27123, 1.38 734~ 657. 3.3 3.2 2390 
4, S1. 0 36916. 23.1 259014. 0.027 1600, 2.9 27278. 1 .16' 616. 580. 3.1 2.9 2252 
S. 51.3 36015. 24.0 260325. 0.022 1499, 2.7 27416. 0.96 511 • 511 • 2.9 2.8 2139 
6, 51. 4 35115. 24.8 261651 . 0.017 141 5. 2.5 27556. 0,76 402. 434. 2.6 2.6 2023 
7 • 51. 2 34515. 25.2 262998. 0.012 1371 • 2 .. 4 27697, 0.54 290. 346. 2.3 2,5 1920 
8. 51. 2 33614. 25.9 2642.87. 0.007 1299. 2.3 27833. 0.34 179. 249. 2.0 2.4 1844 
9. 51 .2 31814, 27.3 265524. 0,002 1167. 2. 1 27963, 0.12 65. 126. 1 .6 2.. 1 1737 
IV.329·W 85. L 53.5 38527. 24.3 332330. 0.022 1587. 2.3 34999, 0.95 505. 505. 2.6 2.4 33. 293. 2340 
O. 325010. 0.043 
1 , 55.9 51196. 16.6 326468. 0.039 3088. 4.6 34382. 1 .64 872. 720. 3.6 4.7 2969 
2 , 53.8 43439. 20.8 32896~. 0.031 2093. 3.1 34645. 1. 35 717. 615. 3.1 3.2 2682 
3. 52.9 41267. 21. 5 33u899. 0.026 1917. 2.8 34848. 1.12 596, 533. 2.9 2.9 2490 
4. 52..7 39406. 22.8 332492. 0.021 1728. 2.6 35016. 0.93 495. 466. 2.6 2.6 2322 
5. 52.8 37699. 24.3 333901. 0.017 1552. 2.3 35164. 0.76 405. 405. 2. • 4 2.3 2,89 
6. 52.9 35837. 25.8 335268. U·013 1388. 2.0 35308. 0.59 316, 341. 2. 1 2.1 2068 ; 
7 , 52.9 34131 . 27.1 336592. 0.009 1257. 1 .8 354 /.8. 0.43 228. 272. 1 .9 1.9 1937 ' 
8, 52.9 32424. 28.5 337851. 0.005 1139. 1.7 35')80. 0.26 141. 196. 1.6 1 .7 1823 
9. 52.9 31338, 29.3 339057. 0.on2 1069. 1 .6 35707. 0.10 52. 100. , .3 1 .6 1765 
-------------------------------------------:-------~----~ 
~ 
I'J 
->0 
RN S ATov ATf ~ X hTP 
hTP ~ Re ~/ Xtt A B 
hTP hTP ! n q 
~ ~ L SG - H H I hJ.T. x y Chen i IV.330.W 93. L 67.9 53444. 26.8 321859. 0.030 1991 • 3.0 33R96. 1. 29 686. 686. 3.4 3.1 38. 367. 2717' 
O. 311899. 0.01;0 
1 , 70.6 69311 . 16.5 313660. 0.055 4207. 6.5 33033. 2.26 1206. 996, 4.7 6.5 3488 
2 • 68.7 65132. 18.1 316853. 0.01.5 360B. 5.5 33369. 1',89 1004. 861- 4.3 5.6 3214 
3, 67.6 59725. 21 .5 319577. 0.037 2782. 4.2 33656. 1. 56 831. 745. 3.9 4.3 2958, 
4, 67.1 53581 . 26.0 321897. 0.030 2063. 3. , 33900. 1 .28 684. 644. 3.4 3.2 2714 
5. 67.1 48419. 30.2 323818. 0.024 1605. 2.4 34103, 1 .05 - 560. 560. 3.1 2.5 2497 
6. 67.2 46207. 32.0 325585. 0.019 1444. 2.2 34289. 0.84 445, 480. 2.8 2.2 2342 
7. 67.1 46207, 31 .9 327372. 0.013 1449. 2.2 34 /.77. 0.61 327. 390. 2.5 2.2 221S 
8, 67.0 46207. 31 .8 329159. 0.008 1454. 2.2 34665. 0.39 205. 285. 2 . 2 2.2 2119 
9 • 66.9 46207. 31 .7 330946. 0.003 1459. 2.2 34853. 0,14 75. 145, 1 .8 2.2 2081 
I V. 331 . W 62. L 69.2 55735. 26.3 193092. 0.0 49 2.122. 4.8 20335. 2,03 1081 • 1081 • 5.2 4.8 36. 391 . 2637 
0, 183187, 0.098 
1 • 71.4 69272. 17.2 184710. 0.090 4017, 9.5 '19453. 3,67 1954. 1615. 7.1 9.2 3305 
2 • 70.0 63160. 21 .0 187496 .. 0.076 3010. 7.0 '19746. 3,12 1661 • 1425, 6.4 6.9 3086 
3. 69.1 59900. 22.8 189998. 0.064 2624, 6.1 20009. 2.63 1401. 1255. 5.9 6.0 2882 
1,. 68.6 -57048, 24-. 7 192318. 0.053 2314. 5.3 20254. 2.18 1161 , 1093. 5.4 5.3 270L. 
5, 68.5 55010. 26.2 194456. 0.042 2097. 4.8 20479. 1. 77 940. 940. 5.0 4.8 2530 6, 68.5 52973. 27.8 196508. 0.032 1902. 4.3 20695. 1. 37 727. 784. 4.5 4.3 2382 
7, 68.4 50935. 2.9 .4 198498. 0.022 1733. 3:9 20)105. 0.97 518. 618. 4.1 4.0 2243 
8, 68.4 48491, 31. 4 200381. 0.013 1547. 3.4 21103, 0.59 315. 439. 3.5 3.5 2115 
9. 68.4 44823. 34.3 202147. 0.00lt- 1308. 2.9 21289. 0.21 114. 220. 2.8 3.0 2031 
Jv.33' W 100. L 44,8 28666. 23.3· 458616. 0.013 1233. 1 .4 48299. 0.61 325. 325, 1 .7 l,S 32. 227. 2177 
0, 452429. 0.027 
1 • 47.2 37511 , 18.8 453745. 0.024- . 1997. 2.3 47786. 1 .04 553~ 457. 2.4 2.4 2753 
2. 45.5 33715. 20.0 1.55907. 0.019 1682, 1 .9 48013. 0.85 453. 389. 2.1 2.0 25'1 le 
3. 45.0 31259. 21 .4 457385, 0.016 1458. 1.7 48169. 0,72 384. 344. 1 .9 1 . 7 2322 
4, 44.9 29026. 23.1 45~564. 0.013 1257. 1 .4 482 93. 0,62 328. 308. 1 . 7 1 .5 2183 
5 , 44.8 272 40. 24.4 459666. 0.011 1 1 17. 1.3 48 4 09. 0.52 274. 274. 1.6 1 .3 2054 
6 , 44.6 25900. 25.2 460796. 0.009 1030. 1 • 2 48528. 0.41 219. 236, ~ .4 1 .2 1922 
7. 43.9 25·119. 25. , 462079. 0.006 1001 • 1 . 1 48663. 0.29 154. 184. 1 .2 1 .2 1797 
8 . 43.3 24337. 25.ll 463332. 0.003 972. 1 . 1 48"195. 0.17 88. 123. , • U 1 • 1 1683 
9. 43.0 23891. 25.2 464351. 0.001 950. , . 1 48903. 0.06 31. 59. 0.8 , . 1 16113 
-' 
N 
N 
RN S ATov l!. Tf ~ X hTP 
hTP Re L l/Xt t A ' ,B 
hl'P hTP n q SG H H ~ '~T x y 
IV.333.W 62. L 68,6 62354. 20.3 190986. 0.055 3074. 7.1 20113. 2.26 1203. 1203. 5.8 7.Q 37. 567. f~89 
O. 179956. 0.109 
1 • 70.8 80731. 6.9 181697. 0.101 11703. 28.1 19135. 4.10 2181 • 1802. 8.0 26.8 3518 
2. 69.5 68949. 15.6 1848u7. 0.085 4420. 10.5 19463. 3.47 1849. ,1587. 7.0 10.1 3233 
3. 68.6 65676. 17.5 187526. 0.072 3754. 8.8 19 749. 2.94 1563. 1/.00. 6.4 8.6 3034 
4, 68.1 61967. 20.1 190048. 0.059 3089, 7.1 20015, 2. 1.4 1300. 1225. 5,'1 7.1 2829 
S. 68.0 59130. 22.3 192357. 0.046 2649, 6,1 20258. 1 .99 1061 • 1061 • 5.4 6.1 2653 
6, 68.0 57603. 23.5 194575. 0.037 2447: 5.6 20491. 1 .56 830. 895. 5.0 5.6 2507 
1 
7. 67.9 56512. 24.3 ,96758. 0.026 2324. 5.2 20721. 1 ,13 601 • 717. 4.5 5.3 2377 
8. 67.9 55421 . 25.2 19~877. 0.016 2199. 4.9 20944. 0.70 374. 521- 4.0 5.0 2266 
9. 67.9 55203. 25.4 200971. O.OOS 2175. 4.8 21,165. 0.26 138. 266. 3.4 5.0 2218 
1 428. 428. r IV.334.W 100. I. 55.3 37988. 26.5 430779. 0.018 1434. 1,7 45367. 0.80 2.2 1 .8 35. 264-. 2446 , O. 422882. 0.036 
1 , 58.1 50763. 19.2 424622. 0.032 2650, 3.2 44719. 1.37 729. 602. 3.0 3,3 3130 
2, 55.8 43118. 23.0 427410. 0.026 1873. 2,3 45012. 1.12 594. 509. 2.6 2.3 2800 
3, 55.1 39754. 24.9 429309.' 0.021 1594. 1 .9 45212. 0,9 /+ 501 , 449. 2.4 2 '.0 2597 
4, 55.0 37920. 26.3 430814, 0.018 1441 , 1 ,7 45371. 0,80 427. 402, 2,2 1 .8 2.442 
5. 55.2 36085. 27.9 432150. 0.015 1294. 1 .6 45511. 0.68 360. 360. 2.0 1 .6 2291 
6, 5'5.0 34862. 28.7 433559. 0.012 1215. 1 .5 45660, 0,54 288. 311 • 1 .8 1 • 5 2155 
7 , 54.5 34250. 28.6 435115. 0.008 1197. 1.,4 45824. 0,39 207. 247. 1 .6 , , 5 203~ 
8, 53.8 33333. 28.7 436692. 0.005 1162. , .4 45990. 0.23 122. 170. , .3 1 .4 1906 
9. 53.5 31804. 29.5 438074. 0.001 1077. 1.3 46135. 0,08 42. 80. 1 .0 , .3 1783 
-
JV.33S.W 97. L 28.2. 19407. 13.7 538876. 0.008 1418. 1 .4 56751 .. 0,36 194. 194. 1 . 1 1 . 5 28. 262. ,876 
0, 534789. 0.015 
1 . 30.0 25697. 10.7 535222. 0.0'4 2411 . 2.4 56366. 0.65 346. 286, 1 .6 2,5 2.344 
2 . 29.2 2.3089. 11 .9 536547. 0.012 1934. 2.0 56506. 0,55 292. 250. 1 .4 2.0 2182 
3, 28.7 20711. 13.2 537667. 0.010 1565, 1 .6 56624. 0.46 245. 219. 1 .3 1 .6 2026 
4, 28.3 19023. 14.1 538648. 0.008 1348. 1 .4 56727. 0,38 203. 191, , . 1 1 .4 1904 
5, 28.2 18180. 14.7 539396. 0.007 '239. , .2 56R06, 0,32 171 • 17,. 1 .0 1 .3 1811 
6 , 27.8 17643. 14.6 540344. 0.005 1208. 1 .2 56906, 0.24 129. 139, 0.9 , .3 169, 
7, 27.1 17336. 14.2 54137A. 0.003 1223. 1 ,2 57015. ' 0,15 82. 98. 0.8 1 .3 158t. 
8 , 26.4 16876. 13.9 51.2395. 0.001 '217. ,,, 2 57122, 0.06 33. 45. 0.6 1 . 3 1480 
9 • 26.9 16108. , 4.9 542962. o.ono 1082. 1 , 1 57182. 0.00 O. O. 11.3' 1 . 1 1429 
N 
w 
hTP . hTP hTP ReL 1/ Xtt 'A B 
-RN S n AT q ATf ~ X hTP - SG - H H ov ~ hLT x y Chel1 IV.336.\ol 59. L 31.3 17504. 18.3 209507. 0.015 958. 2. 1 22064, 0.69 367, 367. 2.0 2.1 22. 177. 1538 O. 206271. 0.030 
1 • 31.9 22648. 14.9 206777. 0.028 152O. 3.3 21777, 1. 21 644. 532. 2.8 3,3 1886 2, 31 .5 20511 . 16. 1 207678, 0.024 1271 • 2.7 21871 , 1. 04 554. 475. 2.5 2.8 1755 3. 31.5 18945. 17.4 208418. 0.020 1091 • 2.3 21949. 0.90 479, 429. 2.3 2. 4 1670 4. 31 . 7 11947. 18.3 209085. 0.017 983. 2.1 22020, 0,77 411. 387, 2.1 2. 2 1563 5, 31.8 17022. 19.1 209715, 0.011; 891 , 1 .9 22086, 0.65 346. 346, 1 .9 2.0 1486 6. 31 .6 16523. 19.3 210382. 0.011 855. 1 .8 22156. 0.52 275. 297. 1 .8 . 1 .9 1435 i : 7 • 31. 2 15668. 19.5 211088. 0.008 802. 1 . 7 22230. 0.37 200. 238, 1 .5 1 .8 1356 ! 8. 30.8 14386. 20.1 211753. 0.005 7,17. 1.5 22301. 0.24 125. 174. 1 .3 1.6 1253 I 
1 
9. 30.2 13888. 19.9 212409. 0.002 698, 1.5 22370. 0.09 4'7. 91. 1 .0 1 . 5 1225 
· 
· I".337.W 79. L 30.6 14208. 20.0 356488. 0.008 711 . 1 .0 37543. 0.38 203. 203, 1 .2 23. 131 . .1500 r 1.0 j 0. 353633. 0.01'6 • • 1 • 31 .3 18432. 17.6 355950. 0.015 1048. 1 .5 37276, 0.68 363. 300. , . 7 1.5 1848 2. 31. 4 16300. 19.2 354589. 0.013 847. 1 .2 37343. 0.61 323. 277. 1 .5 , .2 '746 3. 31. 2 15206. 19.9 355235.- 0.011 765. 1.1 37413. 0.53 282. 252. , .4 1 . 1 1660 4 , 31.1 14284. 20.5 355842. 0.010 697. 1 .0 37475. 0.46 245. 230. 1 .3 1 .0 '584 5, 31 .0 13478. 21 .0 356397, O.OOS 641 . 0.9 37534. 0.39 209. 209, , . 2 0.9 1512 6. 30.6 13017. 20.9 357076. 0.006 623. 0.9 37605. 0.31 165~ 178, 1 . 1 0.9 1424 7. 30.0 12787. 20.5 357769. O. OO.~ 623. 0',9 37f>78. 0.22 119. 14,. 0.9 0.9 1361 8. 29.6 12384. 20.4- 358409. 0.003 608. 0.8 37746, 0.14 74. 103. v.S 0.9 1279 9 . 29.1 11981 . 20.2 359034. 0.001 592. 0.8 37811. 0,05 27. 53, 0.5 0.9 1199 
IV.338.W 68. L 56.1 43676. 22.9 258929. 0.031 1911 . 3.5 27269. 1 .31 697. 697. 3.5 3.5 34. 352. 24 23 O. 250775. 0.061 
1 • 58.5 56668. 14.7 252236. 0.056 3846. 7 .1 26564. 2.30 1224. 1011 • 4.8 7 • 1 3077, 2. 56.6 50929 . 17.5 254792.. 0.046 2914. 5.3 26833. 1. 92 1023. 878. 4. "3 S.3 2828 3. 55.8 4S 191 . 21 .3 256810. 0.038 2117. 3.9 27046. 1. 62 864. 774, 3.8 3.9 2600 4. 55.7 42321. 23.5 258487. 0.032 1798. 3.3 27222. 1. 37 732. 689, 3.5 3.3 24 29 5. 55.9 41246. 24.5 260029. 0.026 1681 . 3.0 27385. 1.14 609. 609. 3.,2 3. , 2309 6. 55.~ 40349. 25.2 261583. 0.021 1601. 2..9 27C;48. 0.91 485. 522. 3.0 2.9 2176 7. 55.6 39452. 25.7 263153. 0.015 1536. 2.7 27'14. 0,67 356. 425. 2.7 2.8 204B 8. 55.3 3855'6. 26.1 264719. 0.009 1479. 2.6 27R79. 0.42 224. 312. 2.3 2.7 1944 9 . 54.8 38376. 25.8 266296. 0.003 1489. 2.6 28045. 0.16 83. 160. 1.·9 2.7 1888 
...... 
N 
'" 
RN S AT ATf ~ X b TP 
bTP Re
L l/Xtt A B 
bTP bTP n q bL 
SG H H av bLT x y Cben JV.339.W 60. L 51.0 42013. 25.0 209955. 0.035 1678. 3.6 22111. 1. 48 787. 787. :3 .9 . 3.6 32, 310. 2318 
O. 202393. 0.070 
1 • 59.0 54723. 16.9 203671. 0.064- 3244. 7.1 21449. 2.62 1393. 1151 • 5.5 1.0 2914. i 
2. 57.2 49074'. 19.6 206032. 0.053 2501 • 5.4 21698. 2.19 1165. 1000. 4.9 5.4 2689 
3. 56.5 43779. 23.1 207950. 0.044 1893 .. 4.1 21 QOO. 1 .84 980. 878. 4.3 4.1 2492 
4 . 56.5 39542. 26.5 209519. 0.037 1492. 3.2 22065. 1 .56 829. 780, 3.9 3.2 2320 
5. 56.5 38483. 27.4 210988. 0.030 1406. 3.0 22220. 1 .29 686.- 686. 3.6 3.0 2193 
6. 56.6 38130. 27.7 212421. 0.023 13.76. 2.9 22371. 1.02 546. 588. 3.3 3.0 2071 
7 . 56.5 38130. 27.6 213888. 0.017 1381 . 2.9 22525. 0.75 400. 477. 3.0 3.0 1989 
8. 56.4 38130. 27.5 215355. 0.010 1387. . 2~9 22680 • 0.47 249 !- 347. 2.1 3.0 1937 ! 
9. 56.1. 38130. 27.5 216797. 0.003 1387. 2.9 22832. 0.17 92. 178. 2.3 3.0 1879 
v, . 
IV.340.W 60, L 54.8 38876. 25.3 197485. 0.035 1536. 3.4 20798. 1. 47 785. 785. 3.9 3.5 31- 283. 2238 
o • 190389. 0.069 
1 . 56.8 49244. 19.1 191501. 0.064 2583. 5.9 20168. 2.63 1399. 1156. 5.3 S .·9 2195 I 
2 , 55,S 44236. 21 .8 193530. 0.054 2029. 4.6 20381 . 2.24 1191 ~ 1022. 4.8 4.6 2596 i I 3. 54.8 40397. 24.1 1 9 52 8 3. -0 . 0 45 1675. 3.B 20566. 1.90 1011 ; 906. 4.3 3.8 2413 4 , 54.6 37893. 25.9 196802 .. 0.038 1463. 3.3 20726. 1 .61 855. 805, ,!t.0 3.3 2264 • 5. 54.6 36391. 21.1 19820(); 0.031 1343. 3.0 20873. 1 .34 711 • 711. 3.7 3.0 2145 I 6 • 54.6 35556. 27.7 199568. 0.024 1283. 2.9 21017. 1.07 569 ; 613. 3.4 2.9 _____ • 2029 
7 • 54.4 35389, 27.6 200956.·0.018 1281 • 2.8 21163 .. .0.79 422. 503, 3.1 2.9 1925 I 8, 53.9 35389. 27.2 202387-~ 0.0'1 1301 • 2.9 21314. 0.50 267. 371. 2.7 3.0 1869 I 
9. 53.4 35389. 26.6 203841. 0.004 1328. 2.9 21467. 0.19 100. 193. 2..3 3.0 1840 ! 
I 
• ! 
55.8 40841·. 24.7 93242. 0.07, 1651 • 6.8 9820. 2.9.0 1542. 1542. 7.3 28. 2154 
, 
IV.341.\J 40. L 6.6 301.. I O. 86146. 0.141 . 
1 • 56.8 53740. 15.5 87240. 0.131 3477. 15.0 9188. 5.34 2842. 2349.10.1 14.0 2659 I ' 2. 55.6 46850. 19.8 89267. 0.110 2372. 10.0 9401 •. 4.49 2393. 2053. 8.9 9,S 2417 I I 
3. 55.2 42716. 22.6 910(J1. 0.093 1887. 7.9 ·9584. 3.79 2018. 1807. B.O 7.6 2328 I 
4. 55.5 39960. 25.2 92529. 0.078 1587. 6.5 9745. 3.18 1692. 1594. 7.4 6.4 2187 I 
5.8 1389. 1389. . . 5. 55.9 38238. 26.9 93971. 0.063 1422. 9896. 2,61 6.8 5.7 2072 I 
6. 56.1 37204. 27.9 95380. 0.049 1334. 5.4 10045, 2.05 1094. 1180. 6.3 S.4 1985 
7. 56.1 36515. 28.4 96774. 0.036 1 285. 5.1 10192. 1 .51 802. 957. 5.7 5~2 1909 
8. 55.6 36171. 28.3 98194. 0.021 1280. 5.0 10341. 0,94 501, 697. S.2 ·S.1 1857 
9 • 55.0 36171. 27.6 99630. 0.007 1311 . 5 . 1 10/.92. 0.34 182. 352. 4.4 5.3 ,860 
\ 
~ 
N 
(J1 
hTP Re l/Xtt B 
hTP hTP RN S n ~T q 6 Tf ~ X hTP L A SG hLT H H ov ~ x y Chen 
lIV.342.w 100. L 88.2 72816. 31.2 258747. 0.050 2330. 4.2 27250. 2.06 1096. 1096. 5.2 4.2 42. 430. 3113. 
I O. 245272. 0.099 I . 
I 1 . 92.3 93705. 17.1 247570. 0.091 5478. 10.3 26073. 3.69 1964. ·1623. 7.1 9.9 3995. 
! 2 • 89.7 82699. 24.3 251609. 0.07~ 3407. 6.3 261.98. 3.09 1648. 1 1.'4. 6.3 6.2 3667. 3. 88.3 76154. 28.5 254997. 0.063 2670. 4.9 26855. 2.60 13RS. 1241 • 5.7 4.8 3396. 
4 , 87.8 71990. 31 .6 257942. 0.052- 2281 , 4.1 27165. 2.18 1158. 1091 • 5.3 L. • 1 3151 , 
S. 87.5 69015. 33.8 260693. 0.042 2044, 3.7 27455. 1 ,78 946. 946. 4,8 3.7 2946. 
I 6, 86.9 66932. 34.9 263429. 0.032 1917, 3.4 277 /.3. 1 ,38 735. 792. 4.4 3.5 2744' 
j 
7, 86.5 65445. 35.7 266056. 0.023 183l. 3.2 28019. 0.99 529. 63" 4.0 3.3 2568. 
8. 86.4 64850. 36.1 2~8S53. 0.()13 1796. 3.2 28282. 0.62 329. 457. 3.5 3.2 2440. 
9. 86.4 64553. 36.4 271001 • 0.004 1776. 3.1 28540. 0.23 121 • 234. 3,0 3.2 2:393. 
j 
r 17660. 3.06 1632. 1632. j IV.343.W 60. L 91.6 77563. 30.6 167693. 0.075 2536, 6.5 7.6 6.3 40. 468. 3043, 
O. 154103. 0.150 16452. 5.67 3018. 2494. 1 • 93.5 97020. 15.3 15621 7 . O. , 38 6341 • 17.2 10.3 15'.9 38,8 
2. 91.8 87387. 22.2- 16()OO6 .. 0.117 3931 . 10.4 16851. 4.79 2548. 2186. 9.3 9.8 • 3573 
3. 91.3 79818. 28.3 163261. 0.099 2817. 7.4 17194. 4.05 2155. 1930. 8.4 7.0 3334 
4. 91.2 75001. 32.4 166204. 0.083 2316. 6.0 17504. 3.39 1806. 1701 • 7.7 5.8 3120 
5, 91 .4 72593. 34,6 ,68971 • 0.068 2099. 5.3 17795. 2.79 1483. 1483. 7 . 1 5.2 2931 
6, 91.3 71561. 35.4 171705. 0.053 2021 . 5. , 18083. 2.19 1166. 1257. 6.6 5.1 2762 
7, 91.1 71561. 35.2 174453. 0.038 2033. 5:0 18372. 1. 59 848. 1011 , 6 • 1 5 . 1 2628 
8, 90.9 71561. 35.() 177201. 0.023 20L.6. 5.0 18662. 0.99 526. 731 • 5.6 5 . 1 2514 
9 . 90.8 71561. 34.9 ,79929. 0.007 2052. 5.0 18949. 0.36 192. 371- 4.8 5.1 2518 
IV.344.W , 00. L 73.2 57610. 28.8 315200. 0.032 1999. 3.1 331 95 • 1 .38 733. 733, 3.7 3.1 38. 369. 2800 
o , 304697. 0.064 
1. 75.2. 73729. 17.4 306454. 0.059 4246. 6.7 322 74 • 2.44 1297. 1072, 5 . 1 6.6 3596 
2. 73.9 67223. 21 .5 309574. 0.050 3129. 4.9 32602. 2.06 '097. 941 , 4.6 4.9 3312 
3. 73.4 63537. 24.0 312220. 0.041 2642. 4.1 32R81 . 1 .74 926. 829. 4.2 4.1 3084 
4, 73.1 60718. 2A.1 314670. 0.034 2328. 3.6 33139. 1. 44 768. 723. 3.8 3.6 28613 
5. 72. 9 54~46. 30,9 3169 '11. • 0.027 177 'I • 2.7 33376. 1 .17 622. 622. 3 4 2,8 263'u 
6. 12.7 51393. 333 318973. 0.021 1541 . 2.4 33592. 0.91 486. 524, 3,0 2. 4 2452 
7. 72.5 4944 Z • 31. 7 320954. 0.015 1425. 2 ' 2 33~01 . 0.66 353. 42" ~.7 2.2 221j7 
8. 72.t. 49003. 34.9 322854. (1.01 ' 9 '1403. 2.1 341)01 . 0.42 222. 308, 2 . to. 2.2 2187 
9. 72.3 48791. 35.0 324742. O.uo3 ,394. 2.1 342,00. 0.16 83. 160. 2.u 2.2 2116 
N 
0'1 
RN S n AT q ATf ~ X hTP hTP 1,'Xtt A B SG 
hTP H H hTP ov 
hL 
ReL hLT x y Chen 
IV.34S.W 61 , L 74,3 57624. 29.9 172643, 0.055 1930, 4.8 18182. 2.29 1221 . 1221 • 5'.9 4.8 36. 356. 2650 
0, 162505, 0,111 ' 
1 • 16.1 13987. 18,0 164073, 0.'02 4103. 10.7 17279, 4,17 2219, 1833. ·B.1 10,2 3331 
2, 74,9 69969. 20.2 167026. 0.086 3468, 8.9 17590, 3.51 1871 • '1605. 7.4 . 8,6 311l 
3. 74.1 64768. 23.8 169710. 0.072 2721. 6.9 17873, 2.93 1559. 1396. 6.7 6,8 2905 
4. 73.8 57677. 29.4 172081 . 0.059 1965. 4.9 18123. 2.41 1286. 1211 • 6.0 4.9 2697 
5. 73.9 53422. 32.9 174178. 0.047 1626, 4.0 18343. 1 .96 1045. 1045. 5.4 4.0 2501 
6. 73.8 50822. 34.9 176157. 0.036 1456. 3,6 18552. 1 .54 81B. 882. 4.9 3.6 2353 
7. 73.7 49640. 35,8 178079. 0.026 138B. 3.4 18754. 1.12 595. 709. 4,4 3.4 2218 
8. 73.7 49161. 36.1 179948. 0.015 1361 . 3.3 18951 • 0.70 373. 519. 4.0 3.4 2150 
9. 73.6 49167. 36.0 181829. 0.005 1365. 3.3 19149. 0.26 139. 26B. 3.4 3.4 2108 
f IV,346.w 60. L 77.8 64492. 27.7 183182. 0.059 2329. 5.6 19 292. 2.42 1291. 1291 • 6.1 I 5.5 38. 430, 2811 
I O. 171738. 0.118 
\ 1 , BO.1 78269. 18.3 ,731.05. '0.,,09 4269. 10.6 18262. 4.44 2365. 1954. 8.2 10,1 3541 
2, 18.8 71.973. 19.9· 176549. 0.093 3768, 9.2 '18593. 3.78 2014. 1728. 7.6 8,9 3325 
3. 78.2 70854. 22.8 171}L..31: 0.078 3112. 7.5 18897. 3.19 1698. 1521 • 7.0 7,4 3107 
4. 77.9 65087. 27.3 182062. 0.065 2383, 5.7 19171 •• 2.65 1412. 1330. 6,3 5.6 2901 
S. 17.6 60967. 30.4 184507. 0.052 2004. 4,7 19/.31. 2.16 114B. 1148. 5,7 4,7 2702 
6. 77.1 58907. 31. 6 186871. 0.040 1862, 4.4 19680. 1 .68 894. 964. 5.2. 4.4 2527 
7. 76.7 57672. 32.2 189165, 0.02B 1790. 4..2 19922. 1 .21 645. 769. 4.S 4.2 2389 
8. 76.4 56848. 32,7 191376. 0.017 1740. 4.0 20155. 0.75 400. 556. 4.3 4.1 2299 
, 9. 76.3 56848. 32.6 1Q3551. 0.006 1746. 4.0 20384. 0.27 146. 283. 3.6 4,1 2257 
IV.347.w 100. L 76.2 60875. 29,1. 281494, 0.039 2092. 3.5 29645. 1.63 869. 869. 4.2 3.6 39 386. 2865 
O. 270165. 0.077 
1 • 79.3 76938, 18.7 272029, 0,071 4114. 7.1 2R648. 2.91 1548. 1279. 5.8 7.0 3674 
2. 77.4 71547. 21 .4- 215408. 0.05Y 3347. 5.8 29004. 2,45 1305. 1120. 5,.3 5,7 34041 
3. 76.4 65177, 25.B 278280, 0.050 252<;, 4.3 29307. 2.07 1100. 985. 4.7 4.3 3142 
4 • 76.0 59786. 29.8 280767. o .041 2005. 3.4 29569. 1. 73 921. 868. 4.3 3. I. 2916 
5 • 75.7 57581 . 31.3 283079. 0.u33 1838. 3.1 2901 2, 1 • 1.2 755. 755. 3,9 3.1 2716 
6 . 75.3 56846. 31 .6 2rl5356. 0.026 1801 . 3.0 30052. 1 .11 590. 636. 3,6 3.1 2537 
7, 75.0 55621 , 32.2 2B75KS. O.Ol~ 17t>6. 2,9 30287, O,RO 426. 508. 3.3 2..9 2383· 
8. 74.8 52.92';. 34.2. 2.897 () 7. O.(J11 1547, 2.6 3051(). 0.50 265~ 369. 2..8 2.6 2245 
9 . 74.4 51'455 . 35.1 2917d3. 0.0(14 1468. 2.4 30729, 0.18 98. 190. 2.3 2.. 5 2146 
->0 
N 
-...:J 
, 
hTP hTP J \ RN S n AT q AT! ~ X hTP ~ 
ReL 1/ Xtt A B SG H Hy 
hTP ov ~T x Ch en 
tV.34".W 99. L 40. 1 28232. 18.9 490961. 0.011 1494. 1 .6 51706. 0.50 266. 266. 1 . 5 , • 7. 31 - 276. 2100 
O. 485668. 0.02' 
1. 41 • 7 37889. 13.0 486573. 0.020 2920. 3.2 512 43. 0.87 462. 381 • 2.2 3.3 2648 
2. 40.9 34892. 14.5 488375. 0.016 2407. 2.6 51'.33. 0.72 382. . 328. 1.9 '2.7 2439 
3. 40.2 31467. 16.4 490009. 0.013 1915. 2.1 51605. 0.58 309. 277. 1.7 2 . 1 2250 
4. 39.9 28791 . 18.2 491304. 0.010 1582. 1 . 7 51741 . 0.47 251- 236. 1 . 5 1.8 2081 
5. 39.8 26437. 19.9 492390. 0.008 1326. 1 . 4 51856. 0.38 200. 200. 1 .3 1 . 5 1956 
6. 39.6 24617. 21. 2 493433. 0.006 11,62 . 1 .3 51965. 0.28 151. 162. 1.2 1 .3 1836 
7. 39.4 23761 . 21 .6 494462. 0,004 1099. 1 • Z 52074. 0.19 100. 120. 1 .0 1 . 2 1720 
8. 39.1 23119. 21 .8 495520. 0.002 1061 • 1 .1 52185. 0.08 45. 63. 0.8 1 .2 1629 
9. 39.5 23119. 22.2 496169. 0.000 1040. 1.1 522~4. 0.01 7, 14. 0.6 1.2 ,586 
IV.349.w 60. L 41 .3 25195. 22.4 226244. 0.021 1123. 2.3 23827. 0.92 491- 491 • 2.5 2..3_ 26. 207. 1842 
O. 221413. 0.042 
1 • 43.0 33019 . 18.1 222234, 0.038 1824, 3.7 23404. 1. 62 860. 711. 3.5 3.8 2306 
2. 4.1 .8 29065. 19.9 223707. 0.032 1460. 3.0 23559. 1. 36 726. 623. 3.1 3.0 2127 
3, 41. 3 26715. 21 .2 224884.·0.027 1260. 2.5 23683. 1 .16 618. 553. 2.8 2.6 1994 
4. 41 • 2 25219. 22.3 225885. 0.022 1133. 2.3 23789. 0.99 525. 494. L6 2.3 1884 
5 • 41. 3 2~150. 23.2 226785. 0.019 1040. 2.1 23R84. 0.83 441. 441 • 2.4 2 . 1 1779 
6. 41. 5 23402. 24.0 227642. 0.015 976. 2.0 23974. 0.67 359. 388. 2.2 2.0 1681 
7. 41. 3 22868. 24.2 228569. 0,011 946. 1 .. 9 24072. 0.5' 270. 322. 2.0 1.9 1609 
8, 40.6 22013. 24.2 229576. 0.006 911 • 1.8 24178. 0.32 169. 235. 1 . 7 1 .9 15 L. 3 
9. 39. 7 20303. 24.6 230586. 0.002 826. 1 .6 24284. 0.12 62. 119 • 1 .3 1 . 7 1429 
IV.350.W 99. L 22.4 14601 . 11 . 5 525849. 0.006 1267. 1.3 55379. 0.30 161. 161- 1 . 0 1 . 3 26. 234. 1694 
O. . 522601 . 0.012 
1 • 24.5 19534. 9.9 522553. 0.012 1982. 2.0 55032. 0.57 304. 251 • 1 .4 2 . 1 2134 
2. 23.6 17505. 10.6 523707. 0.010 1656. 1.7 55154. 0.48 255. 219. 1 .3 1 ,8 1970 
3. 22.7 15982. 1 0 • B 524864, 0.008 1485. 1.5 55276. 0.38 205. 183. 1 . 1 1 . A 1822 
4. 22.4 14587. l' .5 525606, 0.007 1266. 1.3 55354. 0.32 172. 162. 1 • 0 1 . 3 1726 
5. 22.1 13572. 1 2 . () 526303. 0.005 11 32. 1.2 55 '. 27. 0.26 140. 140. 0.9 1.2 16,4 
6. 21 .8 '2811 . 12.3 526944. 0.00 4 1042. 1.1 55/.95. 0.21 111 • 120. 0.8 1 • 1 1520 
7 • 21.8 12558. 12.5 527424. 0.003 1005. , .0 55545. O. , 7 88. 105. 0.7 1 . 1 1487 
8. 20.9 12431 . 11 . 7 528380. 0.001 1062. , • 1 55646. 0.08 41 • 57. o . 5 1 • 1 1382 
9. 20.9 12431. 11 .7 529 Oy 8. 0.000 1062. , . 1 55721. 0.00 O. O. I) • 2 1 . 1 1303 
~ 
N 
00 
AT ATf ~ X hTP 
hTP Re L .1/ X"tt A 13 SG 
hTP H H hTP RN S n q -ov ~ hLT x y Chen 
IV.351.W 61 . L 24.0 13329. 14.0 238597. 0.012 949. 1 .8 25128. 0.53 285. 285. 1 .6 1.9 21 . 175. 1402 
0, 235817. 0.023 
1 , 25.6 16244. 13.5 236271 . 0.021 1203. 2.3 24R83. 0,93 497~ 410. 2 . 1 2.4 1703 
2 • 24.6 15202. 13.2 237125. 0.018 1148. 2.2 24973. 0.79 420. 360, 1 .9 2.3 1592 
3, 24.0 14466. 13.3 2378'\5. 0.015 1090. 2. , 25045. 0,67 357. :S20. 1 .8 2.2 1503 
4 • 24.1 1 391 5 . 13.7 238344. 0.013 1014. Z.O 25101. 0.58 308. 29.0. 1 .6 2.0 1435 
5. 24.2 13424. 14.2 238825. 0.011 943, 1 .8 25152. 0.49 263. 263. 1 .5 1 .9 1373 
6 , 24.1 12873. 14.5 239360. 0.008 888. 1 .7 25208. 0.40 213. 229. 1 • 4 1 .8 1306 
7. 23,5 12260. 14.4 239972. 0.006 851 . , .6 25272. 0.29 153. 183. 1 .2 , . 7 1 '2.3U! 
a . 23,0 11401. 14.5 240557, 0.003 786, 1.5 25334. O. 1.8 94. 131 • 1 .0 , .6 1159 
9 • 22.4 10176, 14.9 241102. 0.001 684. 1.3 25391. 0.07 35. 68. 0.7 , .4 .1096 
.. 
IV.352.W 60. L 100.0 89656. 28.5 142889. 0.100 3150, 9.2 15048. 4.06 2163. 21 63. 9.7 8.8 43. 581 • 3241 
O. 127049. 0.200 
1. 104.0 116514. 7.6 129627. 0.183 15363. 48.3 13652 •. 7.67 4083. 3374.13.4 42.7 4090 
2. 101 .2 104775. 15. Y ,34232. 0.154 657'1. 20.1 14137. 6.36 3388. 2907. '12.0 18.3 37813 
3. 99.6 9781'1. 20.7 138309,' 0.129,' 4716. 14.1 14566. 5.26 2800. 2507.10.9 13. " 3537 
4. 98.9 91298. 25.9 141998. 0.105 3527, 10.3 14954. 4.29 2'286. 2152. 9.9 9.8 3300 
5. 98.8 84342. 32.0 1453311. 0.084 2639, 7.6 153(15. 3.44 1833. 1833. 8.9 7.3 3u78 
6 . 98.7 79994. 35.7 148442. 0.065 224'1. 6.3 15633. 2,66 1418. 1529. 3.1 6.2 2866 
7. 98.1 78255". 37.2 151433, 0.046 2104, 5'.8 ,1 59 48 , 1 .92 1022. 1219. 7.4 5.9 2712 
8 • 98.7 77386. 37,9 1543 7 5. 0.027 204u, 5.6 16258. 1 .19 631 • .878. 6.7 5.7 2604 
9., 98.7 76516. 38.7 157283. 0.009 1978. 5.! 16564, 0.43 230, 445. 5.8 5.S 2599 
IV.353.W 60. l 48.7 37648. 20. ,. 216278. 0.030 1869. 3.9 22777. 1. 29 685. 685. 3.5 4-.0 30. 345. 2192
i 
o • 209595. 0.060 
1 . 50.0 47223. 13.~ 210578. 0.056 3407. 7.3 22177. 2.30 1223. 1010. 4.8 7.2 2745 
2 . 49.4 41809. 17.6 l124UO, 0.047 2380. 5.0 22.369. 1.97 1051 • 902. 4.3 5.0 2541 
3. 48.9 39402. 19.0 214055. 0.040 2079. 4.4 2251+3. 1 .68 896. 802. 3.9 4.4 2397 
4, 48.6 3819Y. 19.6 215592. 0.033 194Y. 4.1 22705, 1 .41 750. 707. 3.7 4. 1 2262 
5. 48.S 37297. 20.~ 217039. 0.027 1844. 3.8 22,(\57. 1 • 1 5 613. 613. 3.4 3.9 2136 
6. 48.2 36244. 20.8 218490. 0.020 1743. 3.6 23010. 0.89 473. 510. 3 . 1 3.7 2018 
7. 48.0 34740. 21 .8 2198~4. 0.014 1597. 3.3 23157. 0.t'l3 336 . 401. 2. 7 3.4 18Hb 
8 . 48.0 32935. 23.2 221165. 0.008 1422. 2.9 23?92. 0.39 206, 286. 2.3 3.0 1787 
9 . 48.0 30980. 24+,7 2,2375. 0.003 1255. 2.6 23/.19 • 0,14 75. 145. 1 .8 2.7 1726 
-" 
N 
(.D 
AT ATf ~ X hTP 
hTP ReL liXtt SG 
hTP hTP RN S n q A B - H H ov ~ ~T x y Chen 
,JV.3S4.W 80. L 47.5 3l030. 23.4 315233. 0.0 1 8 1369. 2. , 3:S198. - Z:-j 2.2' 30. 2;3. 2107 0.82 438. 438. 
O. 309313. 0.037 
1 , 49.0 42099. 17 . u 310309. 0.034 2481 . 3.9 32680. 1 .44 765, 633. 3.3 3.9 2.665 
2. 48.1 37626. 19.6 312126.' 0.028 1924. 3.0 32R71. 1. 21 646. 554. 2.9 3.0 Z451 
3. 47.6 35561 . 20.7 313682. 0.023 1721 , 2.7 33035. 1 ,02 542. 485. 2.7 2.7 2294 
4 . 47,4 33267. 22.3 31S()48. 0.019 1494. 2.3 3317'9. 0,85 450. 424, 2.4 2.4 2149 
5. 47.4 31202. 23.9 316258. 0.015 1306. 2.0 33306, 0.69 368. 368. 2'. '2 L1 201 4 
6, 47.3. 29137 . 25.3 317450. 0.012 1150. 1 .8 33432. 0,54 285, 307. 1 .9 1.8 1885 
7. 4.6.9 27531 . 26.3 31863l. 0.008 1049. 1 .6 33556. 0.38 201 • 240. 1 .7 1.7 1763 
I 8. 46.8 26384. 27.0 319689. 0.005 976. 1 .5 33668, 0.23 123. 171 • 1 .4 1.5 166, 
J 
9. 46.8 25466. 27.7 320671. 0.002 918. 1.4 33771 • 0.08 45. 87. 1 . 1 1.5 1613 
!. 
i IV.355.w 78, L 56.2 4430B, 22.4 24 2619. 0.032 1976. 3.8 25551, 1 ,35 71 9 • 719, 3.7 3.8 33. 36/1; 2403 
O. 234709. 0.063 
1 • 51.8 5'7663. 13.3 235990. 0.058 4348. 8.5 24853. 2.39 1275. 1054. 5.1 8.4 3040 
2. 56.7 50455. 18.0 238330. 0.049 2808. 5.4 25100. 2,03 1079 . 926. 4.5 S.4 2798 
3. 55 .• 9 47932. 19.3 240381 •. 0.041 2489 .. 4.8 25315. 1 • .7 0 907, 813. ' 4.1 4,8 2604 
4. 55.6 46130. 20.4 242238. 0.033 2261 . 4.3 25511. 1 .41 751 . 707. 3.8 4.4 2441 
5. 55.8 43608. 22.6 243901. 0.026 1933. 3.7 25686. 1 .15 610. 610. 3.4- 3.7 2296 
6 . 55.8 41085. 24.6 245486. 0.020 1669. 3.1 25853. 0.89 . 475. 512. 3. , 3.2 .2.1 43 , 
7 , 55.7 39103. 26.1 247032. 0.014 150 {/ • 2 .. 8 26016. 0.64 339. 405. Z.7 2.9 2026 
8. 55.7 37120. 27.6 2481.15. 0.008 1343. 2.5 26168. 0.39 209. 291- 2.3 . 2.6 1914, 
9 , 55.7 35679. 28.8 249853. 0.003 1240. 2.3 26313. 0.14 76. 148. 1 .9 2.4 1845, 
IV.356.w 78. L 67.4 54185. 25.7. 248094. 0.039 2108. 3.9 26128. 1 ,64 875. 87 5. 4.3 4.0 37. 389. 2676 
O. 238033. 0.078 . 
1 • 71. 0 70086. 16.1 239840. 0.071 4343. 8.3 25~59. 2.91 1547. 1278. 5.9 8.2 3412 
2. 68.4 62851. 19.6 243024. 0.059 3205. 6. , 25594. 2.42 1287. 1104. 5.2 6.0 3132 
3. 67.0 59234. 21 .2 21.5696. 0.048 2794. 5.3 25875. 2.01 1070. 958. 4.8 5.3 2896 
4. 66.5 56069. 23.3 248012. 0.039 2409. 4.5 26119. 1 .66 882,' 830 .• 4-.3 4.5 2702 
5. 66.5 51541. 27.u 25(J038. 0.031 1911. 3,6 26333. 1 ,35 716. 716, 3.9 3.6 2511 
6 , 66,4 48834. 29.1 Z 5"9 47. 0.02" 1677. 3. , 26534. 1 .05 559 . 603. 3.5 3.2 2326 
7 • 66.2 47252. 30.2 253R21. 0.017 1 566. 2.9 26l31. 0,75 402. 479. 3.1 3.0 220'1 
8. 66.0 4b121. 3(1.9 255645. 0.010 '49 S. 2.7 269 23. 0.46 244. 340, 2.7 2.B 2.iG't 
9 . 66.1 4566Y. 31 .3 257'55",. 0.003 1458. 2.6 27103. 0.16 87. 169. 2.3 2.7 20 J, 

w 
AT l::.Tf <\. X , hTP 
hTP ReL 1/ Xtt SG 
hTP H bTP RN S n q ~ A B ~'l' H ov x y 11103. 3.87 Chel IV.360,W 41 • l 77.5 62785. 28.8 105426, 0,095 2178. 8.1 2059. 2059. 9.3 7.8 35. 402. 2691 
O. 9436 A •. 0,190 
1 • 80,S 77731. 19.2 96069. 0.175· 4044, 16.2 ,10117. 7.30 3887. 3212. 12.6 14.4 329t 
2, 78,1 72218. 21 .6 99166, 0.149 3348. 13.0 10 /.44, 6.12 3258. 2795. 11 .4 11 .9 308~ 
3. 77.2. 67257. 24.8 101911. 0.125 271 3 • 10,3 10733. 5.11 2721. 2437. 10. 4 9.7 291( 
4. . 76.9 63398. 27.7 104415. 0.104 2288. 8.5 10996 • 4.22 2247. 2116. 9.5 8.1 2741 
5. 76.8 60090. 30.4 106759. 0.084 1979. 7.3 11243, 3.41 1814. 1814. 8.7 7,0 2578 
6, 76,8 58436. 31.7 1090(14, 0.064 1844. 6,7 11480. 2.64 1406. 1516. 8.0 6,~ 2443 
7, 76,8 56782. 33.0 111182. 0.0 46 1719. 6.1 11709. 1.90 1013. 1209. 7.3 6.1 2323 
8. 76.6 55129 , 34,3 113311. 0.027, 1608, 5.6 11933. 1.18 628. 873. 6.6 ,5, 7 223/j 
9, 76.2 54026. 34.7 115/.28, 0.009 1555. 5.4 12156. 0.43 230. 445. 5.6 5.5 2207 
IV.361.W 50, L 78.4 64937. 28,0 122905. 0.085 2322. 7.6 12944. 3.45 1838. 1838. 8.4 7.4 36, 4-28. 2746 
O. 111538. 0.169 
1 • 80.7 78309. 18.9 113216. 0.157 4144. 14.5 11923. 6.47 3447, 2848. 11 .3 13.2 ,33841 
2, 78.9 76005. 19 , 1 116369. 0.133 3987. 13.7 12255. 5.46 29 06. 2493 10.5 12.7 3195: 
• 3, 78.1 72.551 . 21 .3 119275. o . 1 1 2 3410. 11. 5 12561. 4 .55 2423 21 70. 9.7 10.8 3017
1 4, 77.9 67944, 25,0 121957, 0.092 2721 . 9.0 12841+. 3.74 1989 : 1873. 8,8 8.7 2832 
5. 78.0 62186. 29.8 124414. 0.073 2087. 6.8 13103. 3.00 1599. 1599. 7.9 6.6 2630 
6, 77.9 59595. 31 ,9 126722, 0.056 1868. 6.0 13346. 2.32 1237. 1334. 7.2 5.9 2493 
7, 77,8 58156. 33.0 '28964. 0.040 1764. 5.6 13582. 1. 67 887. 1058. 6.6 5.6 2364 
8. 77.7 5642d. 34.3 ,311 46. 0.023 1646. 5.1 13812. 1 .02 543. 755. 5.9 5.2 2273 
9, 77.5 53261 • 36.6 133,51. O.OOB 1454. 4,S 14033. 0.37 196. 378. 4.9 4.6 220u 
IV.362.1,.J 80. L 77.7 64178. 27.9 219956. 0.050 2302. 4.7 2.31 6 4 , 2.09 1113. 1113. 5.3 4.7 39, 425. 2859 
O. 208302. 0.101 
1. 81 .0 79709. 18.0 210169. 0,093 4427. 9,S 22134. 3.77 2008. 1659. 7.2 9.1 3629 
2, 78.9 73446, 21 .3 213535. 0.07R 3441 . 7.3 22488. 3,19 1697. 1456. 6.5 1. 1 3371 
3. 77.8 70030. 23.1 216522. 0.065 3037. 6.3 22R03. 2.68 1425. 1276. 6.0 6.2 3146 
4. 77.0 66614. 25.2. 219278. 0.053 2644. 5.S 23093. 2.21 1175. 1106. 5.5 5 . 4 2933 
5, 76.9 60920. 29,8 221709. 0.043 20 4 '1 • 4.2 23349. 1. 79 954. Q54. 4.9 4.2 ~726 
6. 76.9 58643. 31 .7 223980. 0.033 1851 , 3,8 23588. 1. 40 748. 807. 4.5 3.8 2548 
7, 76.5 56935. 32.6 226270. 0.023 1745. 3.5 23R29. 1 .01 538. 6 41 • 4,0 3.6 2375 
8. 76,2 56081 . 33.1 22846,1. 0.014 1694. 3.4 24060. 0.62 331 . 461 • .3.6 3.5 2278 9 . 76.2 55227. 33,8 230565. 0.00'5 1634. 3.2 24282. 0.23 122. 235, 3.0 3.4 2215 
-" 
lA) 
N 
RN S AT AT! ~ X b TP 
hTP Rel, l/Xtt A B hTP 
-H hTP n q SG H ov ~ ~T x y Che IV.363.\J 91 • L 77.5 62117. 29.4 253977. 0.043 2113. 3.9 26747. 1. 81 962. 962. 4.6 3 . .9 39. 390. 286 
O. 242539. 0.086 
1 • 81.0 76361. 20.9 244451 . 0.079 3655. 6.9 257'~4. 3.22 1717. 1419. [,.3 6.7 3637
1 2. 78.5 71809. 22.3 Z 1.7911 • 0.066 3221 . 6.0 26109. 2.71 1442. . 1237. 5.7 5.9 337°1 
3. 77.1 68775. 23.5 250943. 0.055 2931 • 5,4 7.6'.28. 2.26 1201 • 1076. 5.3 5.4 3128
1 
4. 76.8 65235. 26.1 253557, 0.045 2497. 4,6 26703. 1. 87 995. 937. 4.8 4,6 2917 
5, 76.8 61190, 29 .5 255940. 0.036 2073. 3,8 26954. 1. 51 806. 806. 4.4 3.B 2721 
6. 76.5 57650. 32.1 258288. 0.027 1799. 3.3 2.7201. 1.16 619. 667, 3.9 3.3 2507 
i 7, 76.2 55374. 33.7 260485, 0.019 1644, 3.0 271.33, 0,83 441 , 526. 3.5 3.0 2365 I 
i 8, 76.2 53098. 35,5 262536, 0.011 1494. 2.7 27649. 0.51 270. . 375. 3.0 2,8 2217 i 
9. 76.2 49559 . 38.4 264478, 0.00 4 1291. 2.3 27853. 0.18 98. 189, 2.4 2.4 2142 
J 
I 
I IV.364.W 68, L 78.0 63714. 28.6 181339. 0.058 2230. 5.4 19098. 2.41 1284. 1284, 6 . 1 5.3 37. 41 1 . 2793 
O. 170076, 0.117 
1 • 80,3 79800. 17.2 171815, 0.108 4627. 11 .6 18095. 4.40 2 341 ~ 1934. B.3 11 .0 3517 
2 , 78.7 73868. 20.7 175027. 0.091 3561 , 8,~ 18433. 3.72 1979. 1698. 7.6 8,5 3283 
3, 77,9 69555. 23.6 177905.' 0.076 2953. 7.2 18736. 3.12 1660. 1487. 6.9 7.0 3065 
4, 77.4 6;511 . 26.5 180540. 0.063 2469, 6.0 19013. 2.58 1372. 1291 • 6.3 5,9 2858 
5. 77.4 62006. 29.4 182969. 0.050 2112. 5.0 19269. 2.08 1107. 1.107. 5.B 5.0 2679 
6. 77,3 59310. 31 .5 185273. 0.038 1880. 4.4 19512. 1. 61 856 •. 923. 5.2. 4.5 2512 
7, 77.2 57423, 33.0 187504. 0.026 1741 . 4 .. 1 19747. 1 .15 611- 728. 4,7 4,1 2360 
8. 77.2 54727, 35.2 189627, 0.015 1556. 3.6 19970. 0.70 372, 518. 4.1 3.7 2254 
9 • 77.2 51223. 38 .• {I 191633. 0.005 1347. 3.1 20182. 0.25 134. 260. 3.3 3.2 2'145 
tV.365.w 88, L 39.7 27307. 19.1.3926 4 6. 0.014 1427. 1 .8 41351. 0.64 341. 3.41 , 1 .8 1 ,9 30. 263. 2049 
O. 387057. 0.02R 
1 , 42.3 35456. 1 5 . 4 388068, 0.026 2298. 3,0 40869. 1 .11 ·591 . 488. 2.5 3.1 2596 
2. 40.8 32822. 16.0 389969. 0.021 2052. 2. 7 41069. 0,92 488. 419, 2.3 2.7 2385 
. 3. 39,8 30492. 16.9 391560. 0.017 1809, 2.3 41237. 0.75 401 • 359. 2.0 2.4 2197 
4. 39.4 28263. 18.2 392840. 0.014 1556. 2.0 41372. 0.62 330, 311 " 1 .8 2.1 2047 
5. 39,1 26339. 19.3 39.3996. 0.n11 1361 • 1.8 41 /.93. 0.50 . 265. 265, 1 .6 1 .8 1913. 
6 • 38.7 24616. 20.3 395112. 0.008 1 21 3, 1 .6 41611. 0,38 201 • 217. , . 4 1 .6 1786 
7, 38.5 23401 . 21 • Cl 396112. O.OOS 111 4 , 1 . 4 41 716 . 0.27 142. 169. , .2 1 ,5 1674 
a. 38.5 22489. 21 . 7 396980. 0.003 1036. 1 .3 41~08. 0.17 88. 122. , .0 1 .4 , 608.1 
9. 38.5 21881. 22.2 397820. 0.001 987. , .3 41R.96, 0,06 32. 63. n.8 1 .3 1572.1 
..... 
W 
,WO 
hTP ReL 1/ Xtt A B 
hTP hTP . , RN S AT ..:!I.T ~ X hTP H I n q SG - H Chen I ov f ~ hLT X Y JV.366.w 48. L 42.3 27353. 21. 7 151174. 0.031 1260. 3.S' 15921 • 1 ,34 713. 713. 3.6 3.6 25. 232. 1828.1 O. 146291, 0.063 I 
1 . 43.2 32363. 18.8 146982.. 0.058. 1723. 4.9 15479. 2.40 1278. 1056. 4.8 4.9 7 ~ 
2. 42.5 30341. 19.6 148282. 0.050 1545. 4.4 15616. 2.07 1103. 946. 4.4 4.4 ~;~1 :1 3. 42.3 29151 . 20.4 149438. 0.042 1431 • 4.0 157'38. 1. 78 948. 849. 4.1 4.0 2007.! 4. 42.4 28675. 20.9 150510. 0.036 1374. 3.8 15851. 1 .51 803. 756. 3.9 3.9 1921 i 5 • 42.5 28080. 21 .4 151579. 0.029 1314. 3.6 15963. 1. 24 658. 658. 3.6 3.7 1837.1 6. 42.3 26890. 22.1 ,52643. 0.022 1215. 3.4 16075. 0.96 512. 552. 3.2 3.4 1732.1 7 • 42.1 25343. 23.1 153667. 0.015 1097. 3.0 16 183 , 0,69 369. 441. 2.8 3.1 1635 1 B. 41 .8 23321. 24.3 154641. 0.009 959. 2.6 16286, 0.43 229. 319. 2.4 2.7 1525 ! 9. 41 .2 22012. 24.8 155587. 0.003 889, 2.4 16386. 0.16 85. 163. 1 .9 2.5 1480'j 
1'1.367.1.1 61 . L 89.0 70769. 33.7 166335. 0.069 2099. 5.4 17517. 2.85 1516. 1516. '7. 1 5.3 39. 387. 2917\ O. 153918. 0.139 
90.5 83690. 155563. 0.130 3472. 9.4 16383. 5.30 2824. I 1 • 24.1 2334. 9.4 8,8 3647 I 2 . 90.1 82221 . 25.0 158772. 0.112. . 3290. 8.8 16721. 4.55 2425 :<' 20 8 0. 8.9 8.3 3452.1 3. 89.8 79285." 27.2 161882. 0.094 2910. 7.7 1704 8. 3.8 4 2046. 18 33 •. 8.3 7.4 
3246 'I 4 . 89.5 73412. 32.0 ,64826. 0.07d 2296. 6.0 17358. 3.18 1694. 1 595,. 7.5 5.8 3U30 5, 89.3 67833. 36. 5 167533. 0.063 1858. 4.8 17644. 2.58 1374. 1374. "6.7 4.7 2825 . 6. 88.9 64896. 38,6 170113. 0.048 1682. 4.3 17915. 2.01 1072. 1155. 6.1 4.3 2646·1 7. 8~.3 63722. 38.9 172668. 0.034 1638. 4.1 18184. 1 .45 771. 920. 5.6 --. 4.1 2500 I 8. 87.6 62253. 39.5 175174. 0.020 1578. 3.9 18448. 0.89 472. 656. 5'.0 4.0 2370 t 9. 87.1 59611 . 41 .1 177583. 0.007 1451 • 3.5 18702. 0.32' 170. 329. 4.1 3.7 2296 . 
I 
IV.368 w 77. I. 86.8 69431, . 32.7 211088. 0.055 
O. 198699. 0.111 
2122. 4.5 22230. 2.29 1221 . 1221 • 5.8 4.5 40. 39,. 2961 1 
1 . 89.2 83277. 23.3 200592. 0.102 3581 • 7.9 21125. 4.17 2220. 1834. 7.8 7.6 3720 
2. 87.5 77198. 26.8 204010. 0.087 2879. 6.3 21485. 3.55 1890. 1622. 7.1 6.1 3475. 
:5 • 86.9 75375. 27.7 207040. 0.074 2717. 5.9 21R04. 3.01 1602. 1435. 6.6 5.7 3269 4. 86.7 73551. 29.1 209903. 0.061 2527. 5.4 22106. 2.50 1332. 1254. 6.2 5.3 3073 5. 86.5 70512. 31 .5 212675. 0.048 2239. 4.7 22398. 2.01 1072. 1072. 5.7 4.7 2867 6 . 86.2 65953. 34.9 215344. 0.036 1887. 4.0 22679. 1'.54 821. 885. S.1 4.0 2648. 
7. 85.8 62002. 37.9 217843. 0.02S' 1636. 3.4 22942. 1.10 584. 696. 4..5 3.5 2469 8 . 85.7 59266. 40.0 220166. 0.015 1480. 3.0 23187. 0.67 358. 498. 3,9 3.1 2343, 9 • 85.7 57741. 41 .3 222382. 0 005 1399. 2.9 2~420. 0.25 131 • 253. 3.3 3.0 2289.\ 
I 
I 
I 
-'> 
W 
.r--
RN S AT ATf <\. X hTP 
hTP Re L l/Xtt A B SG 
hTP H -H 
hTP 
n q 
ov ~ hLT x y Chen 
tV.369.w 33. l 88.4 71134. 32.8 71096. 0.'47 2166. , 1 .0 7487. 6.06 32~5. 3225. 13.8 , 0 • 1 36. 399. 277 
O. 58816. 0.295 
1. 90.6 84385. 23.6 60535. 0.274 3577. 20.7 6375. 12.23 6515. 5383. 18.5 16. 7 3322 
2. 88.9 80166. 25.6 63775. 0.235 3136. 17.4 6716. 10.17 5417. '4647. 17.0 1 I • • 6 3156 
3. 8R.1 77635. 27.0 66816. 0.199 2875. 15.4 7037. 8.38 4463. 3997. 15.8 13,4 3010 
4 • 88.1 74259. 29.8 69693. 0.164 2/.90. 12.9 7340. 6.80 3619. 3407. 14.6 11 .6 2869 
5, 8a.1 70040. 33.4 72419. O. , 31 2095. 10.5 7627. 5.38 2862. 2862. 13.3 9,8 ,2715 
6, 87.9 67508. 35.4 75032. 0.100 1907. 9.3 7902. 4.07 2170. 23 40. 12.2 8.9 256~ 
7. 87.7 65821 . 36.6 77571 • 0.070 1799. 8.5 8169. 2.85 1519. 1812. , 1 • 2. .8.4 2453 I 
8, 87.6 6300B. 38.8 80015. 0.040 1623. 7.5 8/+ 27 . 1. 70 903. 1256, 9.9 7,6 '236~ 
9. 67.6 57382. 43.4 82291 . 0.013 1321 • 6.0 8666. 0.60 318. 615. 8.2 6.1 . Ul: 
IV.370.W 22. L 73.7 54415. 31 .8 47534. 0.164 1710. 12.0 5006. 6.78 3610. 3610. 15.3 10,8 31 . 31 5' , - 239 
0, 38226. 0.328 • 
1 
1 • 74.1 63415. 24 ,9 39435. 0.306 2551 • 20.8 4153. 14.09 7503. 6199. ZO.3 16.1 2815 
2 , 73.9 60195. 27.4 41181. 0.265 220u. 17.1 4400. 11 .74 6253. 5364. 18.7 13.9 268d 
3. 74.0 58213. 29. () 44017; 0.226 2006, 15.0 4(,36. 9.69 5162. 4623. 17.4 12: 7 .: 2584 
4. 74.1 55984. 31 .0 46169. 0.188 1807. 13.0 4862. 7,87 4192. 3947. ,6 • 1 '1 .4 2468 
5. 74.1 54497. 32.2 482.56. 0.151 1691 , 11 . 7 5082. 6.22 3312. 3312. 15.0 10. 7 2~7~ 
6. 73.9 53011. 33,2 50303. O. '15 1598, 10. 7 5298. 4.69 2497. 2692. 13.8 1 O. 1 226
1 
7. 73.4 51772. 33.7 52309. 0.080 1535, 10.0 5509. 3.26 1733. 2068. 12. 7 9,7 2199 
8, 73.0 49048. 35.5 54240. 0.046 1382. 8.7 5712. 1. 91 1018. 1415. 11 . '2 8.7 2106
1 9, 72.7 43598. 39.5 56011. 0.015 1103. 6.8 5899. 0.66 354. .684. 9.0 7.0 2060 
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Table 5.1.4 Experimental results £or water-ethylene 
glycol mixtures, reboiler tube III 
RN Run number 
5 % submergence 
n Compartment number 
. ATov 
q 
x 
~p 
L indicates length-mean values 
o indicates value at the reboiler tube outlet 
Overall temperature driving force of 
Heat £lux based on the inside tube area 
/ ·2 Btu hr.£t. 
Inside £ilm temperature drop of 
Liquid phase mass £lux 
( Super£icial) lb/hr.£t. 2 
Vapour quality, Wt. £raction 
Two-phase ~eat trans£er coe£ficient BtU/hr.£t~OF 
Liquid £lowing alone coefficient 
hL :: 0.023 (K~) [G(l-X)Di J 0.8 
D1 [ . PL -] 
2 Btu/hr.£t. 
C 0.4 (}l p) 
K L 
Heynolds number of the liquid phase 
Reciprocal of the Lockhart-H~rtinelli 
. par ameter = ( X )0.9( PL )0.5( }lv )0.1 
l-X E>v )1L 
(Ga)o.} ( 1 ) ( 6H2-0 - )0.6(JOl •5 
Xtt. 6* L 
. where: Ga is the Galileo number 
D1.
3 g PL2 D and ("" and p. 
PL2 Ga :: 
are those o£ water 
-_..,-________ ........ -===-=--=========================-~__.::.:===_====:=..:.i ----J
B' 
SG' 
H' 
x 
liy 
h ' TPChen 
Schrock and Grossman X-axis 
coordinate 
[ 
4 i 2/'3 ] 6H 0 0.42 SG' = Bo x 10 + 1.5 (Xtt) (2 .) 
. 6 * 
. L 
Schrock and Grossman y-axis coordinate 
(KL )( GDi) 0.8 I e.lCp) o. '3'3 
hLT = 0.02'3 Di PL K L 
Hughmark y-axis coordinate 
136 
Two-phase heat transfer coeff.icient predict ed 
by a modified Chen correlation. 
~--- .. - .. ------~------ .... -.. --~-- ' ~. '---"~-' 
.. _ ............. -.=======-========::::::=====....::...:~=-----------
-" 
w 
in ethylene glycol "..J , 20 wt.% water 
hTP ReL Ij Xtt A' Br I hTP 
, hT~ ATt GL X hTP SG Hx Hy RN 5 n ATov q ~ hlT· Chen 
1l1.117.B 100. L 25.2 10459. 18.0 362051 . 0.004 581 • 2.1 
I 
7174, 0.21 227. 227. 2.7 2.5 16. f49. 566 
O. 360520. 0.008 
1 • 23.9 ~2990. 14.9 360728. 0.008 872. 3,3 7053. 0.36 437. 365. 3.8 3.8 635 
2 • 23.6 11646. 15.5 361692. 0.005 752. 2.7 72,39 . 0.25 261 . 23,. 2.8 3.2 605 
3. 23.2 10392. 16.0 ~62566. 0.003 650. 2.4 7167 0.14 159 152 2, 4 2. 8 549 4. 24.5 9989. 17.6 362870. 0.002 568. 2.1 7220: 0,10 111 : 118 : 2,1 2.4 532 
S. 27.2 9048. 20.9 362835. 0.002 432, 1.5 7318. 0.11 109. 134. 1 .9 1 .8 523 
6. 28.4 8690. 22.4 363209. 0.001 389. 1.5 7111. 0.06 69. '18. 1 .8 1 • 7 490 
111.118.9 100. L 32.3 17094. 20.4 289774. 0.012 838. 3,8 5633. 0.53 675. 675. 5.9 4.5 2.3. 226. 696 
o • 286231. 0.024 
1 • 32.7 21081 . 18.0 287018. 0.021 1172. 5.4 5564. 0.91 1187. 990. 8.0 6,3 816 
2. 32.3 19440. 18.7 28856<;. 0.016 1040. 4.8 5608. 0.70 888. 786. 6.9 5.5 756 
3. 31.0 18935. 1? • 8 290232. 0.010 1064. 4.8 5651 . 0.47 586. 559. 6·0 5.6 702 
4. 30.3 17484. 13.2 291681.. 0.005 962, 4.3 5678. 0.26 325~ 343. 4.9 5 • 1 649 
S. 32.4 14706. 22.2 292305. 0.003 662, 3.0 5678. 0.16 211 • 259, 4',1 3.5 589 
6. 34.1 1 0919 . 26.6 292793. 0.002 411 • 1 .9 5686. 0,09 111- 190. 2.9 2.2 514 
'.. 
111.119.B 80. L 32.7 16330. 21.3 199717. 0.015 765. 4.6 3902 0,67 807 807 7 ,3 5 4 20 • 204. 658 . • • o • 196626. 0.030 
1 • 31.8 1943'S. 18.3 197270. 0.027 1063. 6..7 3824, 1 .14 1494 1246, 10.0 7.7 754 
. . 
2. 31.9 18140. 19.3 1985;)9, 0.021 941, 5.8 3R63. 0.89 1 1 16, 989, 8.7 6.7 707 3, 31 .4 17996. 18.'8 199958. 0,014 955. 5.7 3922 0.62 727 694 7,4 6 7 677 
2C111 A9. 0.,008 85,. 5.0 39~8: . • 5:9 4. 31 .5 16844. 19.8 0.37 430. 454, 6.2 632 
5 • 33.2 13763. 23.7 201958. 0.004 5'81, 3.5 3942. 0.21 252. 310, 5.1 4 • 1 558 
6 • 35.2 11805. 27,1 202519. 0,001 4'36, 2.6 3948, O,OR 96 ,65, 3.9 ' 3. 1 S1 0, 
111 .. 120.B 100. L 37'.7 20083. 23.6 251149. 0.016 850. 4.3 4924. 0·68 803. 803. 7·1 4,9 23, 224-. 75 0 O. -2471r.1. 0.031 
1 • 37.4 24201 . 20.5 24791)9. 0.028 1183, 6,1 . 4R10. 1 .1 7 151 9 . 1267. 10,0 7. 1 867 
2 . 37.5 22842. 21 .5 2.496l,.C;. 0.021 1062. 5,4 48 60. 0.92 11 45. 1014, 8.7 6.3 815. 
3. 36,6' 21618, 21 .5 2S"1414. 0.015 1()O5. 4,9 4C)71. 0.64 714. 682. 6.9 5.7 767, 
4. 36.1 20'122. 22,0 21)301(1. 0.008 913. 4.4 5018. 0.38 420. 444. 5.7 5.2 ·712 
S. 37.7 17471. 25.6 2539RS. 0.004 683. 3.4 4973. 0.22 260. 320. 5.0 4.0 639 
6. 39.6 14271;, 2$.7 254701. 0.002 480. 2.4 4981 . '. 0.09 106. 182. 3.8 2.8 1)68 
~ 
w 
00 
bTov hTP hTP l/Xtt 
~ hTP , hTP RN 5 n q ATf GL X ReL A' BI SG Hx Hy .~ hLT L Chen 
: 1I1.121.B 80. l 37.5 1958,'3. 23.9 183248. 0.021 821 • 5.3 3587. 0.89 1067. 1067. 9 • 1 6.1 22. 2; 7. 731. 
O. 179338. 0.042 
1 • 36.8 22286. 21 ,2 ,80066. 0.038 1050. 7,1 3/.91 • 1. 55 2030. '692. 12.4 8.1 827. 
2. 37.4 21155. 2~.6 181525. 0.030 936, ' 6,2 3529. 1. 25 1587. 1405. 11 .0 7 .1 782. 
3. 37.3 20994. 22.6 183043. 0,022 928, 6.0 3587. 0.94 1109. ,1059. 9.5 6.9 748. 
; 4. 37.2 20283. 23,0 184529. 0.014 880, 5.6 3634. 0.62 710. 750. 8.2 6.5 701 'I I 
! 5. 37.3 18571. 24,3 1859D4. 0.007 763. 4.8 3654. 0.32 368. 453. 6.9 5.7 647. 1 
6. 38.6 14211, 28,7 186869. 0.002 495, 3.1 3664. 0.08 99. 170. 4.7 3.7 560. 
~IJI.122.B 60. l 38.0 17738. 25.6 120731 • 0.027 693. 6,3 2360. 1 .15 1381 • ,38" 11 • 9 7.2 20, 184. 67" 
I O. 117338. 0,055 
J 1 • 35.5 19180. 22.1 n 7938. 0,050 868, 8,3 '2278. 2.01 279 0. 2326. 16.3 9.4 739, 
I 2. 36.7 18708. 23.7 119166. 0.040 791. 7.4 2312. 1. 63 2114. 1872. 14.3 8.4 712. , 3. 37.0 18519. 24.1 120466. 0.029 768. 6,9 2361 • 1.23 1453. 1387. 12.2 8.0 686. ! 
1 4. 37.8 18273. 25.0 121708. 0.019 730. 6.4 2401 . 0.84 946. 999. 10.7 7.5 661, ! 
I S. 39.1 16913. 27.3 122829. 0.010 619. 5.5 2409 • 0.47 557. 686 9.5 6.4 612. \ 
• 6. 41.1 14834. 30.8 123753. 0.003 482, 4.3 2420. 0.15 183. 314. 7.5 5.0 566. 
111.123.B 100. L 42.4 25535. 24.6 209189. 0.026 1040. 6.1 4093. 1 ·10 131 6 . 1316. 10. 4 7·0 26 • 275. 854. 
f O. 203641 . 0.052 
! 1 • 42.3 , 23295. 26.0 204454. 0.'048 895. 5 .. 5 3953. 1 .95 2663. 2220. 1 3 . 1 6.2 935. " 
2. 42.7' 27955. 23.1 206231 . 0.040 '213. 7,3 400 8 . 1.64 20 81 . 1 R4 2. 12.9 8.3 942. 
3. 42.5 27417. 23.2 20826'2. 0.030 11 81 • 6.9 4{)78. 1. 27 1509. 1441 • 11 .2 7.9 892. 
4. 42.4 26700. 23,7 210211- 0.021 1126. 6.4 4136. 0.91 1047. 1106. 9,9 7.5 835. 
5. 42.9 24998. 25.4 211988, 0.013 985. 5.6 4166. 0.58 669. 823. 8.6 6.5 777. 
6. 42.3 22847. 26.4' 213A08. 0.004 866. 4.9 4193. 0.22 253. 434. 7.0 5.8 712. 
Ilt.124.B 80. L 43.9 24157. 27.0 1'';9790. 0 .. 031 893. 6,4 3 1 I~ 4 • 1 .29 1481 . 1481 • 11 • 9 7.3 23. 233. 821 . 
O. 154738. 0.061 
1 • 42.8 25125. 25.'2 15S('1 Q • 0,056 998. 7.7 3002. 2.27 3208. 2675. 1 ., • 0 8.7 900. 
2 • 43.2 25362. 25,5 157369. 0.045 996. 7,5 3047. 1. 86 2473. :>1 89. 15.3 8.5 86:3 • 
3. 43,4 25125, 25.9 1.59153. 0.015 972. 6,9 3144. 1 .44 ,611 . 1538. 12.3 7.9 845. 
4. 43.8 2.458r;, 26.6 1AOAF.3. 0.024 923. 6,3 3l25, 1. 03 1065. 11 25. 10.4 ., • 3 808 . 
S. 45.2 2341,8, 28,R '162420. 0.01;> 313. 5.6 3233, 0.66 702. ~6/. 9 .5 6 • 5 745. . 
6. 45,4 21332. 30.5 163994. 0,005 69~. 4,6 3239. 0.25 283. 48/ •• 8.0 5.7 683. 
..... 
W 
ID 
RN ATOV ATf hTP hTP ReL l/Xtt Br 
, 
hTP 
, 
,. 
S n GL X A' SG Hx Hy hTP hL 1iLT Chen 
·1I1.125.B 60. L 43.0 2234';. 27.4 122378. 0.035 815, 7.2 2400. 1 .46 1718. 1718. 14.1 8.3 22. 2-14. 770.1 
O. 117905. 0,071 I ! 
1 • 39,9 23381. 23.5 ',18635. 0.065- 994. 9.6 2285. 2.60 3855. 3214. 20.5 10. 8 832. 
2, 41.1 22890. 25.1 120184. 0.053 912, 8.6 2322. 2·13 2924. 2589. 18.0 ' 9.7 800. 
3, 42.0 22890. 26.0 121746. 0.040 879,' 7,9 2378. 1·65 2011· 1920 • 15·2 9,0 776. 
4. 43. 6 22727. 27.8 123229. 0.029 819. 7.0 2455. 1 .20 12 81 • '1353. 12.5 8.0 765. 
5. 45.7 21909, 30.4 124629. 0.018 721. 6.1 2495, 0.77 797. 98 1 ' 10. 9 7.0 724. 6. 46.5 20274. 32.3 126075. 0,006 627. 5.4 2488. 0.29 331 • 566. 9.7 6.3 663. 
It1.126.8 40. L 42.9 20595. '28.5 78860. 0.049 723. 9.2 1542 1 • 96 2355 2355 19 4 10 .4 20 192 719 
• . 
· 
j 
o. 74827. 0,097 
1 • 37.6 21002., 23.0 75370. 0.091 914. 12.8 ;,1451 . 3.59 5448. 45 42. 27.7 14.0 765. 
2. 41.1 20514. 26.8 76641. 0,075 767. 10.4 '1480. 2.99 4163. 3686. 24.2 11 • 5 74 0. 
3. 41. 8 20270. 27.7 78071 , 0.058 732. 9.5 '1522. 2.32 2868. 2738. 20.3 10. 6 723. 
4. 43.6 20758. 29.2 79435. 0.042 712. 8.9 1564. 1 .70 1940. 20 49. 18.1 10, 1 706. 1 5. 46.7 20880. 32.2 80730. 0.026 649. 7.9 1595. 1.09 1222 1504 16. 5 9 
• 1 690. 
1 
6. 47.9 20147. 33.8 82143. 0,009 596. 7.1 1627. 0.41 458 784' 14.0 8 3 661 
• • • 
, t Tt. 1'27. B 42. L 38.3 17682. 26.0 81988. 0.041 681 , 8.4 1606. 1 .65 1955. 1955. 16·3 9.5 19, 180. 6 70' O. 78526. 0.081 
1 • 34.4 17668. 22.1 79078. 0.075 799, 10.6 1525. 2.95 4227. 3524. 22.1 11 .8 709. 
2. 35.9 17843. 23.4 80251. 0.061 761 • 9:8 '1553. 2.43 3248. 2876. 19.9 11 . 0 687. 
3. 36.9 17493. 24-.7 81448. 0.047 708. 8.8 ' 1592. 1 .89 2285. 21 82. 16.9 10·0 671 • 
4, 38.6 18018" 26.0 82604. 0.033 693. 8.3 1(12 8 , 1 .37 1558. 1645. 15.2 9.5 663. 
S. 41.1 17930. 28,6 83708. 0.020 626. 7.4 1653. 0. 87 976. 1202. 13. 9 8.6 634. 
1 
6. 42.8 17143. 30.8, 84849. 0,007 556. 6.S 1679. 0·33 366. 627. 11 .7 7.6 609. 
I 
:IIt.12B,B 100, L 46.9 26837. 2.,13 , 0 197901., 0.026 957. 5.8 3871 1 .0 8 1300 ,300 
· 
11 , 1 6 7 25. 254-. 851 
· i 0, 192i1S6. 0.052 , 
1 • 4S.S 31013. 23,7 193723. 0.046 1307. 8,4 3747. 1.87 2526. 2106. 15.5 9.5 971-
2 • 45.7 29451 . 25.0 '1958 71. ,0,036 1178. 7.4 3R04. 1 .47 1881. 1666. 13.5 8.4 912. 
3. 45.2 29451. 24.6 198061. 0,025 1199. 7.3 3R74, 1 .05 1265. 1208. 11 .7 8,4 871, 
4. 45.7 28113. 26.0 200052. 0.015 1083. 6.5 3Y29. 0.67 778. 821. 10.1 7.5 811. 
S. 47.5 23918. 30.8 201~no. 0.008 777. 4.6 395 9 , 0.36 414. 510. 8.0 5.4 725. 
6. 50.0 19076, 36.7 202111.. 0.002 520. 3.1 39 80. 0.11 132. 226. 5.8 3.6 640. 
-z-.. 
0 
~TP hTP , hTP , , RN S n ATOV q ATt GL X ReL 1/ Xtt A' B' SG Hx Hy hn : hl hlT Cher 
- . 
-111.129.B 100, L 45.6 26048. 27.4 195510. 0.028 9SJ 1 , 5.9 3818, 1 ,16 1405. 1405, 11 ,3 6.8 26. 253. 847. 
O. 1R9031. 0.055 
1 • .45.3 28186. 25.6 190943. 0.050 1103. 7.2 3689. 2.02 2782. 2320. 15.3 8. 1 961. 2. 45.2 28367. 25.3 192997. 0.040 1119. 7.1 3742. 1. 63 2134. 1890. 13.8 8.1 918. 3. 45.0 27282. 25.9 1950t.2. 0.030 1053. 6.5 3803. 1. 25 1535. ·1466. 12.0 7.5 867. 4. 45.2 26379. 26.7 19691.7. 0.021 987. 6.0 3861 . 0.88 1036. 1094. 10.4 6.9 817. S. 46.3 24392. 29.3 198587. 0.012 834, 5,0 3901 . 0.55 644. 793. 8.8 5.8 757. 6. 46.6 21681. 31 .4 200207. 0.004 690, 4.1 3929. 0.21 252. 431. 7.0 4.8 687. 
, 
, i IlI.130.B 80, L 47.3 25988. 29 .1 152150. 0.031 893. 6.6 2988. 1. 27 1473. 1473. 13.0 7.6 23. 234. 826. ; o • 147343. 0.061 t 
t 1 • 
43.9 29479 . 23.2 148275. 0.055 1272. 10.1 2868. 2.21 2979. 2483. 18.3 11 .4 922. 2. 45.2 27943. 25.6 15"0147. 0.043 1091 • 8.4 29 19. 1 .75 2229. 1973. 15.9 9.6 877. • 3, 45.7 27227. 26.6 152058. 0;031 1025. 7.6 2984. 1. 29 1507. 1439. 13.5 8.8 834 • \ 4. 46.4 26449. 27.9 153877. 0.020 950. 6.9 3037, 0.84 945. 999. 11 .7 8.0 79 0. S. 48.9 24565. 31.7 155357. 0.010 774. 5.6 3069. 0.46 5~5. 6~4. 10.0 6.5 742. 6. 52.5 20266. 38.3 1564 82. 0.003 529. 3.8 3096, 0.15 . 1 O. 2 1. 7.5 4.4 662. 
11t.131.8 80, L 46.0 26295. 27.6 149443. 0.034 953. 7.2 2929. 1. 41 1667. 1667. 13,7 8.3 24. 251. 836 •. O. 144120. 0.069 
1 • 44.3 28422. 24.3 145060. 0.063 1169. 9 .• 5 2803. 2 49 3412 2844 18 9 10. 6 934 i . 
2598: 
. 
16:7 895: : 2. 44.9 27615. 25.5 ~46995. 0,050 1083, 8.5 2854. 2.01 2300. 9.7 3. 45.0 2741:", 25.8 148961 . 0.038 1064. 8.1 2914. 1. 53 1835. 1752. 14.6 9.3 855. 4. 45.7 26950. 26.8 11)0819. 0.026 1004. 7.5 2969, 1. 07 1225. 1294. 12.8 8.6 810. 5. 47.3 24995. 29.8 152483. 0.01; 839. 6.2 3010. 0,65 728, 897. 10. 9 7.2 753. 6. 48.6 22374. 32.9' 154011. 0.005 679. 5.0 3041 . 0.24 264. 451. 8.7 5.8 693. 
111.132.B 56. L 45.0 25713. 27.0 111539, 0.044 953. 9.2 2182, 1 .80 2167. 2167. 17,5 10.4 23. 253. 821. O. 106367. 0.089 
1 , 41. 4 25358, 23,7 10711.~. 0.nR2 1069, 11 .2 2064. 3,26 4766. 3974. 23, R 12. 4 876. 2, 43.1 25482. 25.3 108835. 0.0";8 1007. 10.3 2104. 2.70 3687. 3265. 21 .4 11. 5 854. • 3. 43.8 26097. 25.6 1'0644. 0.052 1 (; 21 • 10.0 2,55. 2. 11 2622. ~504. 18,9 11.3 834. 4. 45.5 26589. 26.9 112.3~'1 . 0.037 988, 9.4 27.08. 1 .53 1780. 18 8 0. 16.8 10.7 810. 5. 47.9 26146. 29.6 114077. 0.023 A8S. 8.2 2255, 0,97 1084. 13 3 4. 14.7 9.4 777. 6. 48.7 24620. 31 . I. 1158t.6. 0.008 783. 7,1 22 9 4. 0,36 399. 68 3. 12.3 8.3 725. 
~ 
~ 
~ 
hTP hTP 
, hTP H / 
, RN S n ATov 9 ATf GL X ReL l/Xtt A' E' SG Hy hrp : lil hlT x Chen I 
-;111.133.B 40. L 48.3 23735. 31 • 7 73177. 0.061 748. 1 O. 1 1429 . 2.43 2959. 2959. 23.6 11 .4 22. 199 . 770. t 0, 6841.9. 0.121 
1 , 41.3 23509. 24.9 69186. o . 11 2 946, 14.3 1331 . 4.46 6969,. 5811 , 33.4 15.4 811 • 2 • 43.7 23283. 27.5 70761. 0.092 847. 12.3 1365. 3.64 5150. 45 60. 29.0 13.4 79 0. 3. 46.2 23396. 29.9 72325. 0.072 782. 10.9 1404. 2.86 3672. 3506. 25.4 1 2. 1 774. ' 4. 49.6 24413. 32.6 73870. 0,052 749, 10.'0 1447. 2.09 2475. 2614. 22.8 11 .3 763. S. 53.7 2.4526. 36.5 75412. 0.032 671 • 8,7 1490. 1. 33 1482. 1824. 20.2 9.~ 744. 6. 55,9 23283. 39,6 77037. 0.011 588. 7,4 1528. 0.50 550. 941- 17.0 8.6 714. 
ItI.134.B 65. L 52.2 26963. 33.4 115284. 0.04,3 808, 7.6 2256. 1.74 2075. 20 75. 17.5 8.6 23. 21 're 830. 0, 110142. 0,085 
1 , 47.5 27695. 28.1 111047. 0.078 985. 10.0 2139. 3.10 4570. 3810. 24. S" 1 1 . 1 893. 2. 48.9 27695. 29.5 112918. 0.062 938, 9.2 2185. 2.49 3357. 2972. 21 ,4 10.4 866. 3. 49.6 2872'3. 29.5 114898. 0.046 974. 9.2 2242. 1.86 2281. 2178. 18.9 10.5 849. 4. 51.3 28367. 31 .4 116803. 0.030 904, 8.3 2298. 1. 26 1444. 1526. 16.5 9.5 811 • 5. 55.3 2674;. 36.6 118388. 0.017 731. 6,6 2338. 0.74 826. 1017. 1 4 • 1 7.6 765. 6, 59.3 22552. 43.5 119765. 0.005 518, 4.6 2369. 0.26 293. 501. 10.8 5.4 701. 
i 
i 
I LI • 135 . B 80, L 53.1 28931. 32.8 138642. 0.038 882. 7.1 2725. 1 .54 1782. ' 1782. 15.4 8.1 24. 231- 870. O. 133188.. 0.076 . 
1 • 49.5 30812. 27,8 1342'10. 0.069 1107. 9,5 2596. 2.71 3668. 3058. 21.0 10.6 959. 2. 50.3 31609. 28.0 136,334. 0.054 1127, 9.4 2651 . 2.14 2722. 2410. 19. 1 10.6 929. 3. 50.9 31476. 28~8 138538. 0.039 1093. 8.8 2718. 1. 57 1839. 1756. 16.5 10.0 8-88. 4, 52.3 30148. 31 .1 1405 80. 0.024 968. 7.6 2780. 1. 03 1141. 1205. 14.1 8,7 843. 5. 54.7 27758. 35.3 142359. 0.012 787, 6. 1 2821 • 0.54 5£0. 726. 11 .,9 7.1 782. 6, 58.8 21781. 43.6'143635. 0.003 500, 3,8 2 8 4_'+ __ ~0.1-6---------17 8. 305. 8.6 4.5 690. ~
------------
-----------------
---------------
~~ 
111.136.B 102, L 52.4 _3-0253.--31--;1-----.,-a79 75. 0.029 973. 6.1 3700. 1.20 1373. 1373. 12.2 7.0 2.5, 25~. 902 •. O. 182365. 0.058 
1 • 49.7 34824. 25.2 ,83C;66. 0.052 1383. 9.1 3563. 2.06 2665. 2222. 16.9 10. 3 1026. 2. 50.2 32821. 27.1 185905. 0.040 12'1 . 7.8 3628. 1 . 61 1965. 17 40. 14-. 6 8. ~ 959. 
3. 50.3 32359. 27.5 188225. 0.028 1178. 7.4 3700. 1 , 1 5 1330. 127 (). 12.7 8.5 908. 
4. 50.7 31126. 20.9 190411. 0.016 1079. 6.6 3763. 0.71 793. 838. 10.9 7.7 8'52. 5 . 53.3 2752(;. 34.0 192084. 0,008 810. 4.9 3802. 0.36 397. 489. 8.9 5.8 784. 6. 57.5 22867. 41 .6 ',93174. 0.002 550. 3.3 3824. O. 11 123. 210. 6.7 3 9 703. . 
.... 
l"-
N 
I ~. I ~ .I /1 RN 5 n ~Tov q ATf GL X hTP ReL 1/ Xtt AI HI SG Hx Hy hTP i L 
. LT Chen I 
18/.013. 821. 0.72 817. 817. 7.3 6.0 19. 213. j llI.137.B 80. L 30.9 16115. 19.6 0.017 5.2 3630. 660. ! O. 180855. 0.034 i 1. 30,3 18551. 17 • 3 181471- 0.030 1071 • 7.0 3546. 1. 25 1510. 1259. 9.8' 8.1 756. ! 2, 30,3 18017. 17.8 '182737, 0.024 101 4 , 6,6 3581 , 0,99 1167. 1034. 8.8 7.6 715. i 3, 29,9 1735.0. 17. l1 184041 . 0,017 975. 6.2 3630 , 0,72 812. 775· 7·6 7.2 674· j 4, 30.0 16549 . 18.5 185211. 0.010 897. 5,6 3667. 0.47 518. 547. 6.5 6.5 638, 5 • 31. 4 '1481". 21 .1 186081. 0.006 702. 4.4 3683, 0.27 304. 374. 5.4 5. 1 587.1 6. 32.7 11411 . 24.7 1868()3. 0.002 461. 2,9 3699, 0.10 114. 194. 3.8 3.4 508. I 
IiI.13B.B 60. L 2.9.9 14488. 19.8 117642. 0.024 731. '6,7 2316. 0.99 1-135. 11 35. 9,8 7.7 18. 19, • 615. 0, 114775, 0.048 
1 1 • 28.5 16 00 7 , 17.4 1152 75. 0.043 92.0. 8.7 2245. 1.74 '2168 ;, 1807. 13.1 . 9.9- 683,' 2. 29.2 ~5S'18. 18.4 116316. 0 .. 035 845. 7,8 22 78, . ,. 41 1678. 148 6. 11 .6 9.0 657. 3. 29.3 14940. 18.9 117373, 0.026 791, 7.2 23 06. 1 • 08 12 51 • 11 95 • 1°·3 8·3 624, I I. • 30.0 14762. 19.7 118341. 0.018 748, 6,7 2334. 0.77 869. 917. 9,3 - 7.8 596, I 5, 31 . 1 13873. 21 .4 119239. 0,011 648. 5.8 2357, 0,47 525, 646. 7.9 6.7 56 4. I 6, 31 • 5 11827. 23.2. 120099. 0.003 509, 4.5 2374, 0.17 189. 323, 6.0 5'.3 510, 
Itl.139.B 40, L 30.2 14217. 20.3 82392. 0.032 699. 8.5 
. 1618. 1.29 1507. 1507. "'3.2 9.8 17. 184. 599 • O. 79700. 0.063 
637. ! 1 • 26,4 14336, 16.5 80121. 0.058 871, 11 • 2. 1552. 2.31 304-2. 2537. 17.0 12.6"--; 2 , 28.1 14019. 18,3 81006. 0.048 765. 9,6 1578. 1. 91 2376, 2104. 15.2 10.9' 614. r 
I. 3. 29.2 14455. 19. , 81934. 0.037 756, 9.3 1603. 1 .50 1797. 1716. '4.1 10.7 606. :-4, 31 , 1 14653. 2(1.9 828~5. 0.027 702, 8.5 1629. 1.10 1263, 133 4. 12.8 9.8 593, : 5. 33.1 14375. 23.1 83709.·0.016 623. 7.4 1655. 0.70 774. 953, 11 .3 8,6. 567, 6. 33.9 13465. 24-.6 84629. 0.005 548, -6,4 1674. 0.25 283. 4-84, 9,3 7.S 545. 
111.140.B 100 t· L 30.1 17383. 18.0 257121. 0,014 966. 4.7 5059. 0.63 723. 723. 6,1 5.5 22. 252. 716, O. 253344. 0.029 
1. 30.9 20985. 16.2 254102. 0.026 1293, 6,5 4963. 1.08 1310. '09 2. 8.4 7.5 833, Z, 30.5 20042. 16.5 255631 . 0,020 1216. 6.0 5011 . 0,85 1007. 891 • 7.4 7.0 783. 3. 29.7 19037. 16.4 257170. 0.014 1158. 5.6 5058. 0.62 717. 684. 6,4 6,6 728, 4. 29.5 ~7843. 17.0 258521 . 0.009 1048. 5,1 50 95, 0.41 469. 496. 5.5 5.9 680. S. 29.8 13822. 20.2. 259557. 0.005 684, 3.3 
_S 120. 0.25 278. 342. 4. 1 3.9- 592. 6. 29.9 12566. 21. 2 260452. 0.002 592. 2.8 5138. 0.09 103, 176. 3.2 3.3 546. 
~ 
l' 
w 
RN S ATov hTP hTP ReL 1/ Xt t A' Bo' I hTP I I n 9 ATf GL X SG Hx Hy hTP hL hjJ Chen 
llI.141.B 100, L 24.2 13677. 14.7 2.16774-. 0.011 933. 4.3 5446. 0.47 543. 543. 4.7 5.0 20. 24-4. 643. j 
o • 2.73815. 0.021 
1 • 25.2 '15449. 14.4 Z74370. 0.019 1070. 5.0 5367. 0.81 975. 813. 6.3 5.8 732. i 
2. 24.6 14941 . 1 t. • 2 275561. 0.015 1052, 4,9 5405. 0.65 758. 671, 5.6 5.7 688. ~ 
3 • 23.7 14868. 13.3 276830. 0.010 1118. 5.1 5446. 0.46 535. 511 • 4.9 6.0 649. ! 
4 I 23.1 14361. 13.1 277981. 0.006 1100, 5.0 0 5474. 0.29 335. 354. 4.2 5.9 614. i 
5. 23.6 12548. 14.8 278809. 0.003 846. 3.9 5495. 0.17 187. 231- 3.4 4.S 563. ! 6. 24,3 9893. 17.4 279415. 0.001 567. 2.6 5512. 0.06 71. 122. 2.4 3.0 497. : 
111.142.9 60. L 30.4 15445'0 19 ,7 117045. 0,024 785, 7.2 2303. 1 .02 1170. 11 70 10.3 8 .3 18. 205. 632. i • O. 114115. 0.049 
1 , 28.7 17125. 16.8 114659. 0.044 1022. 9.8 2231'. 1 .78 2?33. 1862 1 13.8 11 .1 699. { 
2 , 29.4 16555. 17.8 115769. 0.035 928. 8.7 2264 .. 1. 43 1·714. 1517. 12.2 9',9' 670 : 
3. 29.7 ,6237. 18.4 116884. 0.026 883. 8,1 2294, 1 .07 1252. '196. 
• 11 
11. 0 9.4 644. ,i 
4. 30.6 15857. 19.6 117916. 0,017 811. 7.3 2325. 0.74 834. 881- 9.7 8.5 617. !! 
5 • 30.9 14.7150. 2(1,7 ';18956. 0.008 712, 6.4 2355. 0.39 429. 528. 8 10 7.4 576. I' 
6. 32. 4 12178. 23.9 119745. 0.002 509 1 4,5 23 6 8. 0110 112. 191. 5. 8 5.3 516. ! \? 
I: 
I 
111.11.3.8 ~O, L 29.3 16865. 17.5 176191. 0.020 962. 6,3 3471. 0.84 953. 953'. "'8.0 7.3 20. 250. 68,. 01 ,72659. 0.039 
1 I 29.3 18621. 16.3 173275. 0.036 1140. 7,8 3377. 1. 46 01803. 1503. 10.7 8,'9·---; 775. 
2 • 29.5 17997. 16.9 174539. 0.029 1064. 7.1 3418. 1 ,19 1414. 0 1252. 9.6 8.2 0 737. f 
3. 29.3 17221. 17.3 175803. 0,022 997. 6,6 :~/.58. 0,92 1060. 1012. 8.4 7.6 690. I 4 , 29.4 1743 7 . 17. :5 ,76995. 0.015 1009 I 6,6 3495. 0.66 741 • 783. 7.6 7,6 665. r 5. 29.2 ~6106. 18,0 178199. 0.008 893 1 5.8 3525. 0.39 431 . 531 • 6.4 6.7 618, 
6 '0_ 29.1 'i 379; . 19.5 179277. 0.002 709 1 4,6 3546, 0.13 142. 244. 4.7 5.4 553 '1 
6.017 3536. 840. 6.5 226. 
: I 1I1.144.B 80 I· L 29.2 15803. 18.2 179558. 867. 5.6 0.74 840 1 7.4 19. 656 '1 O. 1761.49. 0.034 
1 • 28.8 1770&. 16 • I. '177036. 0.031 1078 1 7,2 3454. 1 .27. 1559. 1300. 9.8 8.3 739. I 
21 28.8 17576. 16.5 1182(,6. 0,024 1062, 7.0 3491 . 1 .01 1202. 1064. 8.9 8.1 704. I 
3, 28.4 17179 . 16.4 179547. 0.017 1048. 6.8 3534. 0.74 846. B08. 7.8 7.9 672. : 
4. 28.5 16386. 17.1 1807()O. 0.011 959. 6.2 3567. 0.48 545. 576. 6.8 7.2 635. 
5 • 29 .6 14735. 19.3 'j816Z5. 0.006 763. 4.9 35 88. 0.27 305. 375. 5.6 5.7 583. 
6. 30.7 ~1233. 22,9 ',82353. 0.002 490. 3.1 3604. 0.09 103. 176, 3.8 3.7 504, 
I 
-" 
1 
~ 
~ 
I hTP , hTP H: / RN -S n ATov q ATf GL X hTP ReL 1/ Xtt A' B.' SG Hy hTP 
- " 
hL hlT Chen 
" -_. -~ --~-"--
111.145.8 70. L 30.7 14985. 20.2 140257. 0.019 741 • 5.8 2763. o .81 927. 927. 8.5 6.8 18 • 193. 626. 
o • 137532. 0.038 
1 • 28.8 17098. 16.9 138095. 0.034 1012. 8.3 2694. 1 .40 1716. 1431 • 11 .4 9.5 704. 
) 
2. 29.2 16435. 17.8 139219. 0,026 925. 7.4 2728. 1.10 1297. 1148. 10.1 8.6 664. 
3. 29.3 16636. 17. 7 140369. 0.018 942. 7.4 2763. 0.78 898. . 858. 9 • 1 8.6 61.4 • 
4. 29.5 15819. 18.5 141469. 0.011 854. 6,7 2796. 0.48 531 • 561- 7.7 7.8 606. 
5 • 31.5 13293. 22.3 142250. 0.005 597. 4,6 2812. 0.25 274. -337. 6.1 5.4 544. 
t 6. 34.3 10628. 26.9 142753. 0.002 395, 3,1 2819. 0.09 96. 165. 4.4 3.6 490. 
l' . - .. --. j III .146. B 80. L 29.9 16595. 18.4 173736, 0.019 903. 6,0 3416. 0.83 956. 956. 8.1 7.0 20. 236. 673. , 
O. ..- 170292. 0.039 
1 • 29.8 ~8918. 16.6 170953. 0.035 1140. 7.9 3328. 1. 43 1787. 1490. 10.9 9.0 769. 
2. 29.8 17809. 17.3 172251. 0.028 1027. 7.0 3367, 1., 5 1388. 1229. - 9,6 8. 1 722. 
3. 29.6 18135. 17.0 173531. 0.021 1067. 7.2 3406. 0.87 1019. 973. 8,8 8.3 695. 
4. 29.8 17639 . 17.5 174763. o • 01'4 1006. 6.7 3441.. 0.60 681- 71 9 • 7.7 7.7 656. 
5. 30.1 15265. 19.5 175880. 0.007 784. 5.1 3473. 0,34 382. 470. 6. 1 6.0 598. • 6, 30.3 11807. 22.2 176795. 0.002 533. 3.5 3490. 0.11 128. 219. 4.2 4.1 52" 
--
.. 
lS wt.% water in ethylene glycol 
i 
-1I1.147.B 70. L 24.1 10880. 16.6 165119. 0.013 657. 4.9 3179, 0.56 849, 849, 7.4 5.8 20. '88. 517 '1 o. 163010. 0.025 
1 • 23.0 12332. 14,5 163390. 0.023 852. 6 .• 5 3144. 0.97 1547. 1290. 9.7 7.6 582. 2. 23,5 11437. 15.6 164183. 0.018 734. 5.5 31 60. 0.79 1192. 1055. 8.4 6.4 547. 
, 3. 23. 3 11767. 15,2 1650 49. 0.013 776. 5,8 3177. 0.58 886 846. 7.9 6. 8 529. , , !- 4 t 23.6 11249. 15, 8 1658415. -0.008 712. 5,3 3192, 0.38 591 • 624. 7.0 6.3 503. I 5 • 24.9 10167. 17 .9 166431. 0,005 568, 4.2 3204. 0.23 350. ' 431. 5.8 5.0 467. 
I 6. 26.0 8331. 20.2 166951 . 0.002 412. 3.0 3216. 0.09 132. . 226. 4,2 3.6 418. 
I 111.148.B 60. L 24.4 9647. 17.8 125404. 0.014 542. 5.0 2414. 0.63 953. 953. 8.4 5.9 18. 155. 477. I O. 123584, 0.029 I 
I 1 , 22,7 10465. 15.5 123914. 0.026 677, 6.4 2384. 1. 09 1753. 1461. 10.8 7.5 524. 2. 23.4 10163, 16.4 124591. 0.021 621 , 5.9 2397. 0.88 1401 . 1240. 9.9 6.8 503. I 3. 23.7 10264. 16.6 125304. 0.015 619. 5.8 2413. 0.66 993. 948. 8.8 6.7 493. I 4 " 24.2 9962. 17.3 125986. 0.010 576, 5.3 2426. 0.4/. 660. 697. 7.8 6.3 466. I i S, 25.5 9278. 19.1 126541.. 0,005 487. 4.5 2437. 0.26 381. 469. 6.6 5.3 , 446, 
6. 26.9 7748. 21.6 127006. 0.002 359. 3.3 2447. 0.09 135. 232. 4.9 3,9 398. 

..... \ ~ 
en 
" "" :1 
! , 
~ hTP /. i RN S lI.Tov ~Tf - GL X hTP . 1/ Xtt. At B,t , H' hTP ' I n ~ ReL SG Hy I lli:f X i i L Chen . I 
-
- "" I tII.1S3.B 100. L 24.0 11227. 16.2 269261. 0.009 691. 3.5 5181 . 0.42 660. 660. 5.4 4.1 23. 200, 553. 
l O. 266738. 0.019 
! 1 • 24.6 12755. 15.8 267228. 0.017 808. 4.2 5143. 0.73 1207. 1006, 7.3 4.9 629. f 24.2 12410. 1 S" • 6 268249. 0.013 795. 4.1ro 925. 819 • . 6.5 4.8 596, , I 2. 5161 • 0.58 I I 
3. 23.4 12231. 15.0 2.69333. 0.009 817. 4.2 51 82. 654. 625, 5.7 4,9 564. I 0,41 I 4. "22.8 11624. 14.8 270347. 0.005 786. ~4, 0 5202. 0.25 398. 420. 4.8 4.7 529. I 5. 23.8 10066. 16.9 270910. 0.003 596. 3.0 5213. 0.16 252. "310. 3.9 3.6 485.1 r ~ 6. 24.6 8273. 13.9 2713 9 7. 0.001 437, 2.2 5225. 0.08 117. 201 , 2.9 2.6 437. 
: .. 
111.154.8 8-0:-' L 23,9 10822. 16.4 204608. 0.011 659. 4,2 3937. 0.48 756. 756. 6.5" 4,9 21 ' 19 1, 522. 1 O. 202402. 0.021· ! 
23. ~ 1 1 • ~186S. 15.3 202768. 0.020 777. 5.0 3902. 0.84 1389. 1158, R.4 5.9 586. 
2. 23,7 11491 • 15.8 203578. 0.016 729., 4,7 3917. 0.68 1092. 967. 7,5 5,5 561. 
3. 23.2 11585. 15.2 204502. 0.011 '\760. 4.B 3935. 0.50 798. 762. 6.9 5.7 536. 4. 23.2 11071. 15.5 20 534 5. 0.00"7 714. 4,5 39 51. 0.33 520. 549, 5. 9 5.3 510.' S. 24.4 10791 . 17.0 205920. 0.004 636. 4.0 3962. 0.21 330. 407. 5.2 4.7 487. 
6. 25.2 8128. 19.6 206473. 0.002 415. 2.6 3973. 0.09 137. 235. 3.6 3. 1 419,' 
I 
IIt.155.B 6O. L 22.9' 9676. 16.3 127053. 0.014 595, 5.5 2/.45. 0,63 976. 976, 8.5 6.5 18. 172 ~ 476.1 O. 125209. 0.029 
532.i 1 • 21. 5 10557. 14.2 125505. 0.026 743. 7 .• 1 2415. 1 .10 1828. 1524. 1 1 , 1 8.2 2. 22.2 10020. 15.3 126184. 0,021 656. 6.1 2428. 0.90 1413. 1251 , 9.7 7.1 502. 1 3. 22.1 10362. 14.9 1269 /.2. 0,015 69 l •• 6.5 24 /.3. 0.67 1041 • 994. 9. 1 7.6 491,. 4. 22. 7 10020. 15.8 127613. 0.010 633. 5 • 8 2 /.56. 0.45 702. 741 , 8.0 6. 9" 472,' 5. 23.9 9218. 17.5 128195. 0,005 52 7 , 4.8 2467. 0.26 404. 498. 6.8 5 . 7 443. 6. 25.0 7879. 19.6 128691 . 0.002 402, 3.7 2477, 0.09 132. .. 226. 5.0 4.3 403. 
ltt.1S6.B 40. L 21. 5 8278. 1 S • 8 67101- 0.023 523. 8,1 1291 ' 0.96 1550. 15 5 0, 13.2 9.5 16, 153. 425 •. O. 65550. 0.045 
1 • 18.0 8439. 12.2 65779. 0.042 692. , 1 • 2 1269. 1 .71 3126. 2~06. 17.2 12.9 457. 
2. 19.8 7923. 14,3 f,6277. 0.035 554. 8.8 1276. 1. 43 2400. 2126. 14.7 1 0, 1 438. 3. 20.5 8353. 1/ • • 7 06833. 0.027 56ti. 8.9 1286. 1.11 1800. 1718. 13.8 '0.3 433. 4. 21.9 8538. 16.1 . 67366. 0.019 532. 8.2 129 6. 0.81 1287. 1360. 12.8 9.6 428. 5 , 24.0 8427. 18.2 67868. 0.011 464. 7.1 1306. 0,51 801 . 987. 11 • S 8.3 413 •. 6 • 25.3 7985. 19,8 f,8391 • 0.004 403, 6,1 1316. 0.19 298. 510. 9.7 7.3 401 , • 
-" 
"'-
30 wt.% water in ethylene glycol '-l 
hTP , hT~ / RN S n ATov q ATf Gl X hTP ReL 1/ Xtt AI BI SG H" Hy hTP .~ hl-f x l Chen 
1335, 7.3 4080. -111.157.8 100, L 39.6 27233. 21'.4 191470. 0.030 1 ,22 1013. 1013. 8.4 8.3 21. 309. 946. 0, 185540. 0.060 
1 , 40.7 3097c. 1~.8 186625. 0.055 1649, 9,6 3866. 2.14 1932. 1611 • 11 • 5 10. 7 1097. 2. 40.4 29382. 19,6 ,88749. 0.044 1496. 8.5 3955. 1. 74 1514. 131.1. 10.1 9.5 1034. 3, 39.8 28166. 20.0 190818. 0.033 1410. 7.8 4042. 1 .35 1135. 1083. 8.9 8.8 967. 4. 39.5 27451. 20.1 192791. 0,023 1364, 7.4 4128. 0.97 792. 836. 7.9 8.4 906. 5, 39.5 25497, 2 '1 .5 194609 • 0.014 1184. 6,3 4198. 0.t)1 49 0. 604. 6.6 7.2 839. 6. 38.3 21923. 22.9 196438. 0.005 956, 5 , 1 4238. 0.23 186. 319 • 5.0 5.8 749. 
: 1I1.158.B 80. L 39.9 2.6534. 21 ,2 145562. 0,036 1252. 8.5 3102. 1. 46 1207. 1207. 10.2 9.6 20. 290. 914. ! 0, 140002. 0.073 
1 , ,40.0 29175. 19.4 1410(19. 0.066 1503. 10.9 2913. 2.58 2357. 1965. 13.8 12. 1 1034. 
2. 40.5 27916. 20.8 ~42904. 0.054 1340. 9.5 2990. 2·11 1847. 1636. 12·2 10.6 986. 3 , 40.0 26866. 21 .1 1"44846. 0.041 1273. 8.8 3067. 1 .64 1378. 1316. , 0.8 9.~ 928. 4. 40.0 26656. 21 .2 14 6694. 0.029 1259. 8.5 3144. 1.1 B 958. 1012. 9.6 9.6 876. 5 • 40.0 25397. 22.1 148480. 0.017 1150. 7,6 3205. 0.72 578. 711- 8.2 8.7 824. 6. 39.4 23193. 23.1 150218. 0.005 1003. 6.6 3244. 0.26 206. 353. 6.6 7.6 755. 
I I 1 . 1 59 . B 60, L 41.4 25297. 23.6 102748. 0.047 1070. 9.7 2174. 1 .87 1578. 1578. 13,3 10.9 19. 250. 870. O. 97651. 0.095 
1 • 39.8 26022. 21.5 93478. 0.087 1211 • 12 .. 1 1999, 3.35 3275. 2731. 17.9 13. 1 945. 
I 2. 40. 9 25792. 22.8 100167. 0.071 1132. 10.9 2066. 2.76 2536. 22 4 5. 16.0 12.0 913. 3, 41.3 26022. 23.0 101922. 0.055 1132. 10,5 2138. 2.15 1869. 1784. 14.4 11 • 7 882. 4. 41.8 26137. 23.4 103678. 0.039 1117 • 10.0 2210. 1. 55 1279. 13 50. 12.8 11 .2 854. . 5. 42.8 25170 . 25.1 105356. 0.023 1002. 8.7 2272. 0.96 768. 945. 11 .0 9.9 807. I l 6. 42.7 22637. 26.9'107015. 0.008 843, 7.2 2311. 0.35 28,. 48,. 8,8 8.3 747. i I 
I 
I 
I 40, 41 .1 22621 . 25.2 71239 . 0,059 898. 11 .0 1505. 2.30 1953. 1953. 16.5 12.2 17. 210. 807. ; III.160.B L 
O. 66790. 0.118 
1 , 37.7 23240. 21 .4 67472. 0.109 1086. 14,8 1356. 4.1 9 4273. .~562. 22.8 '5. ~ 855. 2, 39. 7 22263. 2 i • • 1 6892.5. 0.089 924. 12.1 1 411 . 3. 45 3259. 2886. 19.8 1 3. 1 83 (). 
3. 40.5 2265 /, . 24.6 70434. 0.069 921 , 1 1 , 5 14-71. 2.70 2374. 2267. 17.7 12.7 815. 
4, 41 .8 23142. 25.5 71942. 0.049 907. 10.9 1533. 1. 95 1617. 1708. 15,8 1 2. 1 795. 
5, 43. 6 22947 . 27.S 73419. 0.030 834, 9.7 1586, 1.22 972. 1197. 13.9 11. 0 771-
6. 44.3 21482. 29.2 74918. 0,010 735. 8,3 ,624. 0.45 358. 61Z. 11 .6 9.6 724. 
~ 
l:"-
Oo 
ATov Arf GL hTP hTP 1/ Xt-c . , hTP , hT; 
RN 5 n q X ReL A' B' SG Hx Hy 1 hl l1U Chen 
, 
t 
--
------.- ~ .. _--- _. -f 111.161.9 100, L 49.2 33258. 25.7 152601. 0.042 1295. 8.6 3225. 1.68 1424. 1424. 12. 1 9.7 22. 302. 1015. : O. 145864. 0.085 i 
I 1 • 48.9 36996. 22.7 147100. 0.077 1630.-11.7- 3001 • 2.96 2838. 2366. 16.6 12.8 1148. I 2. 49.0 35234. 24.0 149592. 0.061 1466. 10.2 3093. 2.38 2167. 1919. 14.6 11 • 3 1089. I 3. 48.7 35193. 23.8 152069. 0.046 1481 • 10.0 31 87. 1.80 15 70. 1499. 13.0 11 • 2 1036. 
I 
I 4. 48.9 34612.. 24. 4 154453. o .031 1419. 9.2 3286. 1.25 1035. 1093. 11. 4 10.5 983. 5. 49.1 31711. 26.7 1567Z8. 0.016 1190. 7.6 
. 3371 . 0.70 564. 694. 9.4 8.7 898 • ! 6. 50.0 25804. 31. 8 158590. 0.005 810. 5.1 3409. 0.22. 181 • 311. 6.9 5.9 791 • I I 
I 
8if'---'L 32500. 26.0 117817. 0.053 1249. 10.3 2474. 2·07 1793. 1793. 11 • 5 294. 99 O. 
t lII.162.B 49.0 15.0 22. 
f 
O. ~ 111249. 0.106 
1 • 47.3' 33794. 2~.4 112339. 0.097 1445. 13.2 2255, 3.73 3827. 31 91. 20.7 14.2 1079. 2, 48.3 34138. 24.2 114589. 0.079 1412. , 2.4 2336. 3.04 2918. 2584. 18.6 13.5 1044. : 
,\:\ 3. 48.7 33634. 24.9 116905. 0.060 1349. 11.3 2430. 2.34 2096. 2001. 16.2 12.6 '006. 4. 49.2 33290. 25.7 119175. 0.042 1295. 10.5 2520. 1.67 1409 . 1488. 14.2 11 .8 959. i 5. 50.2 31732. 27.8 121334. 0.025 1142. 8.9 2599. 1. 01 826. 1017. 12.1 10.2 898. I 6. SO. S 28 410. 30.5 123338. 0.008 931 • 7.1 2657. 0.36 29 3 ~ 501. 9.6 8.3 824. 
i . 
60. 49.2 30055. 28.0 88794. 0.063 1074. 1 1 • 1 17.7 1111.163.B L 1864. 2.45 2126. 2126. 12.3 20. 253. 934. ~ O. 82815. 0.126 
1 • 45.9 31555. ~3.6 83777. 0.116 1336. 15:5 1677. 4.47 4655.- 38 81 • 24.9 16.4 1006. 2. 47.6 30496. 26.1 85810. 0.095 1170. 13.0 1742. 3.64 3551 . 3144. 21.8 14. 1 973. 3. 48.3 30902. 26.5 87890. 0.073 11.65. 12.3 1822, 2.81 2534, 2419. 19.3 13.5 947. 4, 49.7 30461 . 28.2 89918. 0.051 1079. 10.9 1903. 2.01 1700. 1795. 16.8 12.2 915. S. 51.9 29666. 31 .0 91837. 0.031 . 957. 9.3 1976. 1.2'6 1011 . 1245, 14.5 10.6 87,. 6. 52.6 27247. 33.4 93766. 0.011 815. 7.8 2026. 0.47 374. '641 • 11.9 8,9' 813, 
I I , . 164 . B 40. L 49.0 27907. 29.3 65532. 0.078 952, 12.6 13 72 .. 3. 01 2640. 264 0. 2.1. 7 13. 7 1 9 • 225'. 89" , , O. 60039. 0.156 
1 • 44.0 27804. 24.4 608'19. 0.144 1138. 17,4 1202. 5.59 6288. 5243. 31. 2 18.1 919. 2. 46.3 27183', 27.2 62('96. 0,119 999. 14.4' 1263. 4·57 4622. 409 3. 26.6 15.3 900. 3, 47.7 27 9 28. 28.1 64549 , 0.092 994. 13.6 1329. 3.56 3295. 1146. 23.6 14.7 89 3. 4. 49.8 28673. 29,6 (,6416. 0 .. 066 969. 12.6 1399. 2.57. 2203. 2327. 21 .0 13.9 874. S', 52.9 28301) . 32.9 68231 . 0,'041 86O. 10.6 1467. 1.62 1305 •. 1607. 18.2 11 .9 852. 6 , 54.0 27555. 34.6 70127. 0.014 797. 9,5 1521 . 0.61. 477. 817. 1 r; • 5 10.9 R 1 5. 
..... 
~ 
to 
hTP hrp 
, hTP , hTP" RN S n ll.Tov q ATf GL X III ReL 1/ Xtt A' B,I SG liLT Hx Hy . Chen 
-
-" - -- .. ~ -"" .... - ~. - - -- . . 
1l1.165.B 100. L 57.7 38109. 30.6 139265. 0.052 1244. 9.0 2917. 2.06 1791 . 1791 • 15.0 10.0 24. 29 t,.. 1080. 
O. 131615. 0.104 
1 , 56.0 . 41391 . 26.5 132999. 0.095 1560. 12.4 2669, 3.66 3766. 3140. 21. 1 13.5 
. ' 
1196 • 
2, 56.3 40015. 27.9 135790. 0.076 1434. '1 .0 2761 • 2.94 2852. 2525. 18.5 1 2. 1 1138. 
3. 56.4 39803. 28.2 138555. 0.057 1413. 10,4 2868. 2.24 2027. ·1936. 16. 3 '1 .6 1092. 
4~ 56.9 39168. 29.1 1412/~2. 0.039 1344, 9,5 2979. 1,55 1324 •.. 1398. 14. 1 10,7 1034, 
5, S9 .2 36627. 33.2 143603. 0.023 1103. 7,6 3076. 0.94 768. 946, 11 .8 8,6 971. 
6, 60.7 31652. 33.4 145783. 0.008 825, 5,6 3133. 0,35 286. 489. 9.2 6.4 871. 
----, 
111.166.8 82. L 57.5 37214. 31. 2 107866. 0.064 1194. 10,6 2250. 2.51 2220. 2220. 18.4 11 . 8 23. 283. I 1047. 
O. 4: 100457. 0,129 , 
1 .• 54.3 389 S1 • 2~.6 101709. o • 118 1462. 14.7 2016. 4.56 5000. 4168. 26.4 15. 7 . 1131. 
2. 55.4 38141. 28.4 104301 . 0,095 1345, 12.9 2104~ 3.68 3697. 3274. 22.9 14.0 1094. 
3. 55.9 38445. 28.7 106930. 0.072 1340. 12.2 2203. 2.82 2598. 2481. 20.0 13.4 1057. 
4. 57.6 38344. 30.4 109463. 0.05·0 1263. 11. 0 2307. 1.99 1·706. 1802. 17.4 12.3 1023. 
5. 60.4 36624. 34.5 1,1805. 0,030 1063, 8,9 2392. 1. 23 1005. 1237. 14,9 10.1 '. 966~ 
6. 61.8 32779. 38.6 114103. 0.010 
.. 
849, 7.0 2446. 0.45 369. 632. 12.0 8.0 886. 
I I 1 • 1 61'. e 60. L 57.3 34531 • 32.9 17961. 0.081 1051 • 12.2 161 9 3.15 2825. 2825 23.0 13.3 22. 251 • 987 
• .. . O. 71089. 0.162 
1 • 51.7 34696, 27.2 72156. o .149 1276. 17',3 1415, 5.85 6874. 5731 • 33.7 17.9 1037. 
2. 54.5 34601 . 30,0 74414. 0,123 1152. 14,8 1485. 4.77 5047. 4469. 29.2 15.6 1015. 
3. 55,9 34924. 31. 2 16774. 0.095 1119. 13.4 1570. 3,68 3493. 3335, 25.2 14.5 998, 
4. 57.9 35493. 32,8 79120. 0,067 1081 • 12,2 1660. 2.63 2279. 2407, 21.9 13. 5 980. 
S. 61.7 35013. 36.9 81343. 0,041 949, 10,2 171.1. 1. 64 1343. .,654. 19.0 11. 5 938. 
6/. 63.0 32456. 40.1 836.34. 0.014 809, 8,5 1801 . 0.61 493. " 843, 15,7 9.7 878. 
111.168.8 100. L 28.3 18698. 1S .1 218921. 0.019 1235, 6.0 4711. 0.80 642. 642. 5.4 6.9 18. 283. 798. 
O. 2147~9. 0.038 
1 • 30.1 21891 . 14,7 215452. 0,034 1494. 7.6 4503, 1 .39 1216. 1014. 7.6 8.6 935. 
2. 29.5 21017. 14.8 217010. 0,027 1424. 7.2 4568. 1 .12 963. 853. ~,R 8.2 876. 
3. 28.5 20493; 1 4..1 218609. 0.020 1448. 6.9 4802. 0.85 651- 622. 5.6 7.8 842. 
4 , 27.9 19329 • 14,4. 2200 76, 0.014 1343. 6,3 4870, 0.59 446. 4,72. 4.8 7.2 781-
5 • 27.3 16534, 15.7 22142t'). 0,008 '051 , 5.1 4741 . 0.35 285. 351 • I. , 1 5.9 678. 
6. 26.4 12925. 17.4 2.22534. O.ooZ 741 • 3,6 4768. 0.12 99. (70. 2.8 4. 1 588, 
-" 
U1 
0 
GL hTP hTP ReL l/Xtt A' .B' 
, 
hTP / hTP 
, 
RN 5 n ATov q ATf X SG 
. Hx ~y .~ 1iLT L Chen 
- .. _---- -- . -.. 
tIt.,169.B 80. l 29.1 18419. 16,2 166930. 0.023 1139 • 7.0 3547. 0.94 787. 787. 6.8 8.0 17. 2.64. 765. 
O. 163069. 0.045 
1 • 29.7 20668. 15.2 163756. 0.041 1362. 8.7 3407. 1.64 1463. 1220. 9.1 9.8 876. 
2. 29.6 19863. 15.7 165149. 0.033 1268. 8,0 3464. 1. 34 1160. 1027. ·8.1 9.0 829. 
3. 29.1 20060. 15.0 166589. 0.025 1339. 8.2 3530. 1 .02 857. . 818. 7.4 9.4 793. 
4, 28.8 19224. 15.3 167965. 0.017 1255, 7.6 3586. O. 71 583. 616. 6.4 8.7 744. 
5. 28.9 16717. 17.2 169173. 0.009 971, 5.8 3625. 0.43 347. ·427. 5.2 6.7 674. 
6. 28.6 13981. 1 a. 9 170263. 0.003 741. 4.4 3648, 0.15 126. 216. 3.8 5.1 601. 
----. 
III.170.8 65. l 29.9 16550. 13.3 115663. 0.027 903. 7.4 2472. 1 .11 912. 912. 8.2 8.4 15. 208. 709. , 
0, 4.: 112456. 0.054 
1 • 29.1 ~8605. 16.1 113064. 0,049 1158. 10.0 2346. 1.93 1738. 1449. 11 .1 11.2 79 2. 
2. 29-,4 18001 . 16.7 114285. 0.039 1076. - 9,1 2397. 1. 55 1343. 11 89, 9.9 10.3 757. 
3. 29.4 18001. 16.7 115510. 0.028 1076. 8,7 2/.90. 1.16 930. 888-, 8.5 9. 9· 733. 
4, 29.6 17329. 17.5 116684. 0.01'8 990. 7.9 2538, 0.78 612. 647. 7.4 9.0 694. ' 
5 • 30.1 14978. 19.6 '117738, 0.010 764,· 6.1 2521 . 0.43 350. 431 • 6.2 7 • 1 618. 
6. 31 .3 12386. 22.6 11855" 0.003 548, 4.4 2538. 0,14 111 • 190. 4.5 5.1 560. 
1I1.171.B ZOo l- 28.4 12369. 19,7 361.80. 0.061 627. 13.2 765. 2.41 2094. 209 4. 17.8 14.6 12. 148. 575. • O. 34092, 0.123 
1 , 23.S 11672, 15,4 34457, 0.113 759, 17 ... 8 691 . 4.41 4550. 3793. 23.1 19.0 588. • 
2, 25.3 11526. 17,3 35198, 0.094 668, 15.0 719. 3.66 3497. 3097. 20,3 16.2 578. i 
3. 27,2 12304. 18.6 35958. 0.075 662, '4,4 744. 2.92 2648. 2529. 19.2 15.7 577. · 4, 29. 5 12645. 20.7 36739. 0,055 611. 12,7 775. 2.16 1842. 194-5. 17,3 1 4. 1 580. 
S. 32.3 13034, 23,2 37533. 0,034 562. 11 .3 802. 1. 39 1140. J 404. 15,8 12.8 570. 
6, 33.1 13034. 24.0 38404. (1,012 544. 10.7 824. 0.53 426. ·729. 13.9 12.3 567. I 
111.172.B 40. L 31.0 16656. 19.3 .14676. 0.042 863. 10.1 15 8 0. 1 .70 1435 1435. 12.2 11. 4 15. 201. 697. 
O. 71377. (l.OB5 
1 • 29.0 16936. 17 ,1 71913. 0.078 989, , 2.6 1466. 3.03 2909. 2425. 16. 1 13.8 742. 
2. 29.9 . 16606. 13.3 13004. 0.064 910, , 1 , 1 1516. 2.50 2248. 1991 • 14. 2 12.3 725. 
3, 30.4 16749 . 18.7 74111, 0.050 896. , 0.7 1557. 1.97 17 02. 1626. 13.0 11.9 698. 
4, 31.5 17151. 19.5 75204. 0.036 881 • 10.2 159 7. 1. 44 1204. 1272. 11.9 11 . 6 687. 
5. 32.9 16850. 21 ,1 76274. 0.022 798. 9,0 1636. 0.92 745. 917. 10.5 10.3 660. 
6, 32.8 15644. 21 .9 1739.3 .. 0.007 715, 8.0 1663. 0.34 279. 477. 8.6 9.2 617. 
-" 
U1 
40 wt.% water in ethyl ene glycol 
hTP 
---- -
-- ---' hTP 5 ATov AT GL X hTP ReL l/Xtt At 
~ , hTP RN n q f III B' SG hlT Hx Hy , . Chen 
Ilt.173.B 100. L 38.9 26722. 20.0 185191. 0.029 1337. 6,7 4353. ' 1.1 9 791. 791- 6.8 7.6 18. t 8 1. 998. 
O. 179689. 0,058 
1 , 40.2 30221. 1~.7 180711. 0.052 1612, 8.5 4117. 2.07 1460 .. 1217. 9.1 9.5 1163. 
2 , 39.5 29558. 18,6 182832. 0,041 1589, 8.2 4219. 1,66 1138. 1007. 8.2 9.2 1095 • 
3. 38.7 28842. 18.2 184948. 0.030 1581 , 8.0 4323. 1. 24 831 . . 79 3. 7.3 9.0 . 1020 • 
4. 38.1 28100. 18.2 186968. 0.020 1544, 7.6 1.424. 0.83 546. 577. 6.4 8.7 955. 
5, 37.7 24919. 20.1 188828. 0.010 1242. 6.1 4498. 0.44 287. . 354, 5.1 6.9 '860 • 
6, 38.3 18689. 25.2 190186, 0.003 741. 3,6' 4523. 0.14 89. 152. 3.4 4.1 . 725. 
- .. --
III.174,B 100, 
. 
t. 47.3 35450. 22.0 1498B? 0.047 1609. 9,6 3507. 1.89 1265. 1265. 10.4 10. 7 20. 339. 114B. 
O. 
'"' 
142'74. 0·094 
1 • 48.3 39168. 20.3 14377(1. 0.086 1925, 12.6 3203. 3.35 2479. 20 67. 14, 1 13. 5 1307. 
2. 47.9 37149.-21.4 146415. 0.069 1734. 10.9 3326. 2.72 1927. 1706. 12.4 11.9 1232. 
3. 47.1 36745. 20.9 149031 . 0.053 1757 ; 10,7 3450. 2.09 1430. 1365. 11.1 11 ,.8 1169. 
4, 47.2 36139. 21 .4 1 51 494. 0.037 1686, 9,9 3571. 1 .50 993. 1049. 9.8 11 • 1 11f)3. 
.. , 5. 47.4 34019. 23,2 153843. 0.022 1465. 8.4 3674. 0.93 602. 741. 8.4 9.5 1016 • 
" 6, 46,3 '2.9477 . 25.5 156145. 0.007 115B. 6,5 3739. 0.34 221 • 37B. 6.4 7.5 903. 
IlI.175.B 80. L 48.7 35086. 23.8 108297. 0,062 1475. 11 .3 2553. 2.47 1629. 1629. 13.2 '2.4 19. 309. ,119, 
o • 101120. 0.124 
1 , 48.8 37655. 22.0 102331. 0·. 113 1715. 14,8 2270. 4.43 3311 • 2760. 18.1 15. 5 1241 • 
2. 48.7 36209 . 22.9 104904. 0.092 1583, 13.0 2381 • 3.58 2545. 2253. 15,9 13.9 1188. 
3. 48,4 36422. 22.4 107398. 0.070 1623, 12.8 2495. 2.76 1871 • 1787. 14.3 13.9 1143, 
'4. 48.8 3582.3. 23.3 109812. 0,049 1539. '1 .6 2611 • 1 .97 1282. 1354. 12.6 12.8 1085. 
5, 49.4 34085. 25.2 112123, 0.029 1354. 9,9 2714, 1. 21 764. 940. 10.8 11 , 0 1009. 
6 •. 48,9 30319. 27.4 114363, 0.010 1107, 7.9 2781 . 0.44 276. '. 472. 8.5 9.0 920. 
1I1.176,B 64, L 48.8 33654, 24,9 84711. 0.074 1350. 12,7 1989. 2.91 1939. 1939. 15.7 13. 7 18 . 284. 1078. 
O. 77957. o ,·f48 
1725. 1 , 47.1 35486. 21 .9 791 (,7 . 0.135 1620. 17,5 5.31 4131 • 3444. 21.9 18. 1 , 170. 
2 , 48.3 3 4281 . 24,0 81390, o . , 1 0 1431 , 14.6 1829. 4, 31 3128. 27 70. 19. 0 15.4 11 31 . 
3. 48.6 34374. 24.2 83700. 0.085 1420, .13, 7 1932. 3.33 2289. 2185. 16.9 '4. 7 1093. 
4. 49.1 34467. 24,6 860CiS. 0.060 1401 •. ,12.9 2036. 2.37 1558. 1645. 1 5. 1 14. 1 1046. 
5. 50.4 33355. 26.7 8[\206. 0.036 12 47 ,.11.0 2136. 1 .46 923. 1137. 13.0 12.2 997. 
6. 50.2 29964. 29.0 903 79. 0.012 1034. 8.9 2203. 0.53 333. 570. 10.4 10.1 918. 
...... 
U1 
IV 
.- -- -- --- -- .-
rTP hTP 
, 
hTP 
, / RN S n ATOV q ATf GL X ReL l/Xtt AI BI SG Hx Hy hrp t hL hLT I Chen , ~ . 
-. - -
- - ~- - -- "- ---.--~-'- ---.- -.. 
--
ill I • 1 77 . B 10O. L 57.0 42767. 26,4 1'13145. 0.071 1620, 12,1 2659. 2,80 1864. 1864, f5.1 13.1 21. 340. 1240. 
t O. 104475. 0.142 I 1 , 56.8 45075. 24.4 106027. 0.130 1844, 15.6 2331 . 5.07 3867. 3224. 20.6 16.2 1365. 
I 2, 56.7 44 6 08. 24.7 109082. 0.105 1805, 14.5 2453. 4.08 2957. 2618. 18.4 15.4 1310. 3. 56.6 44141. 25.0 112109. 0.080 1769, 13.5 2592. 3.13 2141- '2044. 16.3 14.6 1253. I 4, 56.6 4390 7 . 25.2 115093. 0.055 1743, 12.7 2733. 2.20 1436. 1516. 14.3 13.9 1193. I I 5 • 57.2 42272. 27.0 117962. 0.032 1568. 10.9 2861 • 1 .30 824. 1015. 12.3 12.2 1 1 15. : 6. 57.7 36597. 31 .6 120592. 0.010 1157, 7.9 2936. 0.46 286. 489. 9.5 9.0 1008. I 
i 
, 
-- ... -, . 
111.178.8 80. L 57.6 41243. 28.1 87933. 0.086 1467, 13.5 2054. 3.37 2264. 2264. 1B.2 14.4 20. 30.9 • 1195. 
; O. 4c - 79659. 0.172 
·1 1 , 55.6 ~3186. 24.7 81051. 0.158 1747, 18,9 1739 . 6.22 50 48. 420B. 25. 9 19 • 1 1279. ! 
, 2, 56.6 43186 .. ~5.7 83921. 0.128 1679. 17,0 1861 . 5,00 3738 .. 3310. 22.7 17.6 1251 • 1 3, 57.1 42263.' "26.9 86804. 0.098 1574, 14,9 1990. 3.82 2661 • 2541 , 19.7 15.8 1205. 
4. 57,9 41801. 28.0 89607. 0.069 1492. 13,3 2118. 2. 71 1781 • 1881 17 . 2 14.5 1155. 
5. 59.3 40300. 30.6 92292. 0.041 1318, 11. 2 2236. 1 ,65 1043. 1284' 14.7 12.4 1096 • • 6, 59.6 36720. 33,5 949.03. 0.014 1098, 9.0 2316. 0,60 374. 640. 11 .9 10.3 1008. 
II 1 .179. B 60. L 58.2 39371. 30.1 73458. 0.096 1308. 14.0 1705. 3,77 2560. 2560, 20.5 14.8 19. 278. 1147. O. 65635. 0.192 
1 • 54.7 38576. 27.3 66810. 0.178 1413, 18'.3 1402. 7.10 6155. 5132. 29.5 18.3 1188. 
2, 56.9 38441 . 29.5 69311. • 0.147 1303, 15.7 1510. 5,80 4517. 3999. 25.3 16.0 1168. 3. 57.5 4078B. 28.4 71990. O. 114 1435. 16.0 1635. 4. It 7 3174. 3031 • 22.7 16.7 1173. 4. 58.7 41273. 29.2 74727. 0.081 1413, 14.7 1759. 3.17 2098. 2216. 20.0 15.8 1136. 
5, 60.8 40194. 32.1 77377. 0.048 1252. 12.3 1874. 1 .93 1219. ,1500. 17.2 13.5 1088. 
6. 61.5 36957 . 35.2 19979. 0.016 1051 , 9.9 - 1958. 0.70 434. . 742. 14.0 11 • 2 1010, 
111.180.B 35. L 55.4 34022. 31 .3 46040. 0.128 1088. 17.2 '10 50. 5,03 3534. 3534. ?,7.4 17.~'18, 235. 1032. O. 39268. 0.256 
1 , 49.0 32106. 26.3 40255. n.238 1222. 25.0 814. 9,86 9764 . 81 41 , 42,3 23. 6 1015. 
2. 52.4 32927 . 29.1 42371 . 0.198 1132. 21 .0 893. 7,98 6807. 6028. 35.6 20.S 1025. 3, 54.4 31.381:. 30.0 44627 . 0.155 1147, ,9.3 987. 6,13 4606. 1+39 8. 30.7 19 .5 1034. 4. 56·.6 35755. 31 .2 46961. o . 111 1145, 17.5 10 87, 4,33 2959. 3126. 26,9 18.4 1036, 
5. 60.0 35390. 34-.9 4-9207. 0.067 1014. , 4.3 11 ~8. 2.63 1677. 20 65. 23.0 15.5 1011 , 
6. 61 .3 33566. 37.5 51631. 0.022 896. 11 .9 1268. 0.94 585. 1001 . 19 • 1 13.4 948. 
U1 
w 
RN S ATov ATf hTP hTP ReL l/Xtt 
, hTP / / n q GL X A' B' SG Hx Hy hTP 
t 
hL hlT Chen 
-
--.-~-- ._----- _. - - -_ .. 
i 111.181.8 62. la 48.2 32941 • 24.8 82676. 0.074 1329. 12.7 195"1 • 2.89 1904. 1904. 15.6 13,7 18. 278. 1070. 
Q. 76083. 0.148 
1- 46.8 34482. 22.3 77116. 0.135 1545. 16.9 1691 • 5.27 4051. 3377. 21. 5 17.5 1151. 
2. 47.1 33620. 23.8 79425. o • 11 0 1410. 14.6 1793. 4.28 3070. 2718. 18.8 15.3 1113. 
3. 41.8 338411. 23.8 81711. 0.085 1422. 13.9 1897. 3.29 2238. 2137. ,"6.8 15.0 ,076. 
4. 48.4 33148, 24.5 83963. 0.059 1379. 12.9 1999. 2.34 1522. 1608. 14.9 14, 1 1039. 
5, 49.3 32464. 26.3 86147. 0.035 1234. 11 .0 20 95. 1 .42 894. 1101 • 12.8 12.3 979. 
6. 49.5 29530. 28,6 88245. 0.011 1033. 9.0 2161 . 0.51 317. 543. 10.3 10.2 906. 
\ 1JJ.182.B 3"'~" , L 48.2 2.9810. 27.1 51114. 0,104 1098. 15.1 11 84. 4.04 2759. 2759. 22.0 16.6 17. 234. 985. 
f O. 
'-' 
45181. • 0.208 
\ 1 • 44.0 29165 . 23.4 46111 . 0.192 1245. 21.8 963. 7.65 6727. 5608. 31 .9 21 .5 989 •. 
·f 
, 2. 46.0 ~9525 .. 25.2 4803'5. 0.158 1174. 18.9 1045. 6.21 4861. 4304. 27.4 19.2 989. I ; , 
3. 41.7 30551 . 26.1 50020. 0.123 1111. 17.5 1131 . 4.79 3432. 3277. 24.3 18.2 991 • ! \ 
4. 49.3 31199. 27.2 52065. 0.087 1146. 16.0 1220. 3.40 2269. 2396. 21. 5 17. 1 975. i 
5. 51.3 30,45. 29.8 54083. 0.052 1013. " 1 3.2 1307. 2.06 1307. 1609. 18.4 14.5 931 • ! 
6. 51.9 " ,8175. 32.0 56058. 0.017 880. 11. 0 1"371 • "0.74 462. 791 • 15.1 12.4 890. 
111.183.8 80. L 38.8 27931 . 19.0 122228. 0.045 1471 • 10.2 2911. 1.78 1155. 1155. 9.7 11 .3 17. 30S. 1005. 
, O. 116521- 0.089 
1 • 39.2 30276. 17.7 1175 30. 0.081 1712. 12 .• 8 2671. 3.15 2229. 1859. 12.9 13.9 1131 • 
2. 39.2 . 29588. 18.3 119544. 0.066 1621 • 11.8 2768. 2.56 1747. 1547. 11. 6 12.8 1077. 
3. 38.9 28590. 18.7 121544. 0.050 1533. 10.7 2869. 1.98 1303. 12.44. 10.3 11. 9 1025. 
4. 38.8 28126. 18.9 123468. 0.035 1488. 10.1 2959. 1. 41 909. 961 • 9.2 11.3 965. 
5. 38.5 2700 8 . 19 .4 125366. 0.020 139 2. 9.2 3043. 0.85 535. 659. 7,9 10.4 905. 
6. 38.1 23997. 21 • Z 127134. 0.006 1134, 7.4 3096. 0.29 184. '" 316. 6.1 8.5 816. 
, 
111.181..B 64, L 40,6 27095. 21 ,4 91360. 0.057 1267. 11.1 2173. 2.23 1452. 14 52. 12.1 12.1 17. 263. 973. 
O. 85869. 0.113 
1 • 40.2 28639. 19.9 86825. 0.104 1 /.39. '3.9 1953. 4.00 2891 . 2410. 16.1 14.7 1070. 
2. 40.1 27534. 20.6 88133. 0.084 1335. '2.4 20 43. 3.25 22 40. 19 83. 14.2 13.3 1023. 
3 • 40.2 281.69. 20.1 90618. 0.064 1419. 12.6 2130. 2.52 1671 . 1596. 13. 1 13.8 999. 
4. 40.7 28044. 20.9 921.88. 0,045 13/.4. 1 1 . 5 2216. 1 • 79 1154. '219. 11. 6 12.8 953. 
5 • 41. 4 26600. 22..6 94281. 0.0"27 1178. 9.8 2296. 1 .10 688. 847. 9.1/ 11.0 895. 
6. 41.1 23285. 24.7 95995. 0,009 944. 7,7 2343. 0.40 251 . 429. 7.7 8.8 813. 
-
..... 
U1 
:--
hTP. l/Xtt 
. , hTP H ' / RN S n ATov q ATf GL X hTP. ReL A' B' SG Hy hTP ~ hlT x : L Chen 
r . . -~--.------- - - - . 
f IIt.18S.B 37. L 35.8 22050. 20.2 59996. 0.068 1089. 13.3 1424, 2,64 1727 •. 1727. 14.4 14,5 14. 227. 857. 
I O. 55637. 0.135 t ! 1 • 33.9 22590. 17.9 56343. 0.125 1259. 17.5 1251 . 4.82 3589. 2992. 19.2 18.2 910. 
2. 34.9 22270. 19.2 57806. 0.'02 1161 • 15.2 1323. 3.93 2743. 2429. 17.0 16. 1 89 4. 
3. 35.4 22590. 19.5 59295. 0.079 1158. 14.6 1387. 3,05 2045. 1952. 15.5 15,7 871. 
4. 36.3 22590. 20.3 60778. 0.056 1111 • 13.4 1 /.51, 2.19 1415. 149 4. 13.9 14.7 845. 
S. 37.4 21931. 21 .9 62223. 0.033 1001 • 11 .6 1513. 1 .34 845. 10 41. 12.1 12.9 798. 
6 • 37.6 20331. 23.3 63640. 0.011 872. 9.9 1558. 0.49 307. 525. 9.9 11.2 759. 
.. _.--
I I I . 186. B 100. L 63.0 48370. 23.3 104592. 0.086 1708. 13.8 2423. 3.35 2283. 22,83. 18.2 14.8 22. 363. 1296. 
\. O. <.: 94735. 0.172 
1 • 62.2 50563. 25.9 96392. 0.158 1956. 18.6 2045. 6.17 5171 • 4311 • 26.4 18.9 1396. 
2. 62.9 50360. 26.7 99790. 0.128 1887. 16.8- 21 9 2. 4.97 3798. 3363. 22.9 17.4 1365. /\ 3. 62.8 49293. 27,4 103220. 0,098 1800. 14.9 2352. 3.81 268 0. 2559. 19.6 15.~ 1314. 
4, 63.1 4.9039. 27.9 106567. 0.069 1760. 13.8 2502. 2.70 1795. 1895. 17.2 15.0 1257. 
5, 63.8 47 260, 30.0 109794., 0.041 1577. 11 .8 2638, 1.64 1048. 1290. 14.8 13.1 1179. 
6. 63.9 43703. 32.7 112913. 0.013 1338. 9.7 2732, 0.59 373. 638, 12. 1 11. 0 1086, 
IlI.187,B 80. L 63.9 46293. 30.7 87397. 0.096 1507, 14.1 2017. 3.74 2565. 2565. 20. S 15.0 22. 322.. 1254. 
0, 78039. 0.193 
1 • 61.3 47791 • 27.0 79661. 0.176 1770. 19 .. 9 1673. 6,96 6018. 5017. 30,0 19.9 1323. 
2. 62.4 47630. 28,2 82854. 0,143 1687, 17.6 1798. 5,58 4396. 389 2. 26.0 18.1 129 2. 
3. 63.0 47331. 29.1 86068, 0, 11 0 1625. 15.8 1944. 4 ,27 3059 2921 • 22. 3 16.6 1263. . 
4. 64.0 47101. 30.3 89235. 0.077 1 55'6. 14. 1 20 86. 3.01 2019. 2132, 19.4 '5.2 1214. 
5. 66.0 45723. 33.3 92262. 0.046 1374. 11 .8 2221 . 1.83 1170. 1 4-41 • 16.6 13.0 1154. 6, 66.8 42184. 36.7 95224. 0.015 1151 • 9.S 2317. 0.66 416. '713. 13.6 10.7 1077. 
IJI,188.B 59 • l 61. 7 42213. 31 .6 70482. 0.107 1336. 14.9 1620. 4.17 2891 . 289 1. 22.8 15.7 20. 286. 1177. 
O. 61997. 0,215 
1 • 58.2 42322. 28.0 6343~. 0.197 1510. 20.8 1311 . 7.86 71 61 • S9 70. 34.2 20.4 1215. 
2. 59.3 42457. 2e; • 0 66299. 0.160 1464. 18.6 1423. 6.30 5113. 4527. 29.2 18.8 1202. 
3. 58.9 42659. 2S.5 69267, 0,123 1496. 17.4 1554. 4.78 3484. :B26. 24.9 18 .1 11 80. 
4. 6,..3 42997. 30.6 72072. 0.087 1407. 15.2 1682. 3.40 2287. 2416. 21.6 16.2 1150. 5. 65.9 42322. 35.7 74707. 0,05'4 1187. 12.0 1799. 2.13 1361 . 1675. 18.7 13.2 1109. 6. 66.3' 40521 • 37.S 77541 . 0.018 1082. '0.5 1 A89 . 0.77 4R3. 827. 15.8 11 .9' 1052. 
------
--" 
U'1 
_Ul 
hTP 
h -- , 
hTP H' / RN 5 n ATov 9 6Tt GL ·x ~ ReL l/Xtt A' B' SG Hy hTP hU x , Chen . , , 
1139. 5.29 3780. 29.3 18,2 258. 1 I t I . 1 89 . B 43, L 61.6 39642. 33.4 50301. 0.136 1189. 17.7 3780. 19. 1116. 
O. 424·12. 0.271 
1 , 53.? 36929. 27.5 43507. 0.252 1342, 26.3 869. 10.52 11035. 9200. 46.5 24.5 1084. 
2, 58.1 .37392. 31 .6 45906. 0.211 . 1184. 20.9 956 . 8.53 7576. 6708. 3.8.3 20.2 1092. 
3, 61).4 39731. 32.2 48501 . 0.167 1236. 19.7 1061 • 6,57 50 70. 1.841 • 33.0 19.7 1110, 
4, 63.3 41675. 33.6 51213. 0.120 1240. 17.8 1178. 4,66 3225. 3406. 28.8 18.6 1113. 
5 , 67,2 42138. 37.1 53961 • 0.073 1136, 14,9 1299. 2,84 1812. 2231 , 24.8 16. 1 1104. 
6, 68.4 39985, 39.9 56781 • 0.024 1001 , 12.4 1390. 1 .01 628, 1076, 20,7 13.9 1043" 
1 60 wt.% water. in ethylE'ne 'glycol 
, --_ .. , 
.. ~ It I . 1 9 0 . B 100, L 58.7 4.7961, 24.1.114590. 0.079 1988 • 1 1 • 1 '353~2. 75 140 5 . 1 40 5 • 11 .7 11 ,7 22. 334. 1554. 
; 0, 104812. 0.157 i 
'" . . i 1 • 60.0 52984. 21. 6 106632. 0.143 2457. 15.8 3040. 4.99 2668. 2224. 15.4 15.7 1724. 
2. 59.2 S145Z. 22.0 110207. 0.114 2339; 14,2 3237. 3.97 2080. 1842. 13.9 14.5 1652. 
3, 58.5 49.046. 23.1 113654. 0.086 2127, 12.1 3471. 3.01 1544. 1475. 12.2 , 2.6 1577. 
4, 58.2 47637. 23.9 116916. 0.060 1996, 10.9 3652. 2.12 1075. 1135·. 10. 9 11.6 1487. 
5. 58.2 45935 . 25,2 120045. 0.035 1826 , 9.6 3818. 1 .27 638. 785. 9.5 10.4 1390. 
6, 57.9 40710. 28.a 122978. 0.011 '415. 7.2 . 3945. 0.45 224. 384 • 7.5 8.0 1258. 
: IIt.191.B 100, L 5"6.5 40635. 27.4 136659. 0.058 1481 • 7.0 4381 • 2.31 1157 • 1'157. 8.9 7.4 19. 242.. 1555. 
0, 128246. 0.116 -
1- 58.4 44688. 26.3 129775. 0.105 1701 • 8',7 3956, 4.13 2121 • 1768. 11 .6 8.9 1802. 
2. 57.5 42560. 26.9 132804. 0.085 15'82, 7.8 4129. 3.32 1689. 1/.95. 10.4 8.1 1695. 
3. 56,6 42415. 26.1 135748. 0.064 ,622. 7.8 4297. 2.55 1'284. '226. 9.5 8.2 1597. 
4. 5'6.0 41527. 26.2 138620. 0.044 '584. 7.3 4 ,~69 • 1. 80 898. 949. 8.5 7.9 1494. 
5. 55.8 39151- 27.8 141333. 0.026 ,410. 6.3 4626. 1. 08 537. . 661 • 7.2. 6.9 1363. 
6. 55.1 33469. 31. 3 143836. 0.009 1068. 4.7 4729. 0.39 195. . 334. 5.4 5.2 1202. 
111.192.B 78, L 48.5 39814. 19.9 100183. 0.075 1996. 12.2 3175. 2,95 1483. 1483. 11. 3 12.7 18. 329. 1486. 
o. 92098. 0.149 
1 • 49.4 43574. 1 &.1 93589. 0.136 2409. 16.5 2776. 5.33 2780. 2318. 14.7 16.5 1682. 
2, 48.8 41278, 19.2 96478. 0.109 2153. 14.0 2939. 4.27 2193. 1942. 13.2 14.3 1597. 
3. 48.4 41231 , 18.8 99271. 0.083 2196. 13.7 3098. 3.27 1657. 1583. 12.0 14.2 1521 • 
4. 48·.1 40411. 19,1 102022. 0.058 2118. 12.6 3255. 2.30 1153. 1218. 10.7 13.4 1432. 
5. 48.2 38420. 20.7 104633. 0.034 1°54. , 0.6 3404, 1. 38 687. 846. 9.2 11. 5 1326. 
6. 48.0 33969. 23.8 ~()7072. 0, (111 1430. 8.0 3508. 0.50 2 /.7. 422. 7.2 8.8 1202. 
-" 
(J1 
en 
hTP / hTP / 
/ RN S n ATov q t\Tf GL X h Tp · ReL l/Xtt A' B' SG Hx Hy hTP 
, hL hlT Chen . 
1724. 2443. 3.32 1675. 1675 • 12,7 1 3.5 17. 285. 1370. II1.193.B 60. L 46.0 35521 . 20.6 77575. 0.084 13.0 
O. 70415. 0.169 
1 • 46,3 38253. 18,9 71'693, 0.154 2029, 17.5 2093. 6.08 3202. 2670. 16.6 17.2 1513. 2. 46.1 37163. 19,5 74218. 0.124 1907. '5.5 2232, 4.87 2518. 2229. 14.9 15.6 1461 .1 3. 45.9 36340. 19.9 76680. 0.095 1824. 14.1 2372. 3.73 1897. .1 812. 13,5 14.5 1399·1 4. 45,9 35767. 20,4 79083. 0.067 1758, 12,9 2510. 2.64 1327. 1'01. 1 2, 1 13.6 1326,' S. 46.4 34236. 21.9 81378. 0.040 1560. 11. 0 2640. 1. 61 801 , 986. 10.5 11 .8 1246.: 6. 45.8 31368. 23.5 83609. 0.013 1335. 9.1 2739, 0.59 291. 499. 8.4 10.0 1159.' 
IlI.194.B 6~O ~-", L 58.2 47239, 24-.2 54263. 0.148 1954. 20.2 1653. 5.87 3014. 3014. 21 ,7 19.8 19 • 331' 1516. O. .... 44828. 0.296 
1 • 57.2 48898. 21 .9 46425. 0.271 2228. 30.2 1219, 11.52 6597. 5500, 29,8 26.6 1533. 
I 2. 57.8 49 270. 22.3 496&2. 0,220 2214. 26.7 1386. 9.02 4900. 4339. 26.5 24.7 ,547. ;. 3. 58.1 49096. 22.7 52963. 0,169 2167. 2.3.6 1560. 6.72 3521. 3361. 23. 6 22. 8 -1528 • j 4. 58,S 48032. 23,8 56196. 0, , 18 2016. 19,9 1741 • 4.63 2357. 2490. 20.7 20.1 1488. 
5. 59.1 45803. 26.1 59303. 0.069 1753, 15.9 1920. 2.73 13 61 . 1675. 17.6 16.7 1429. 6. 59.1 42337. 28.8 62255. 0.023 1472. , 12. 7 2045. 0.96 475. 814, 14.4 13.8 1335. 
llI.19S.B 40, L 59.0 44307. 27.2 36552. 0.194 1628, 23.7 1083, 7.87 4108. 4108. 28.5 22. 4 18. 282. 141 Z. O. 27729. 0.389 
1 • 56.0 43177. 25.1 29109 . 0.358 1722, 36 .. 8 705. 16.55 10 472. 87 31. 41 .6 29.6 1330. 2. 57.8 44605. 25,7 32008. 0.295 1734. 31.8 837. 12.79 7353. 6511. 36.0 27.3 1364. 3. 58. 7 ~5556. 25.9 35015. 0.228 1759. 27.7 991 9.42 5068 4839 31 .4 25.4 1406 4. 59.6 45675. 26,8 38056. o . 161 1707. 23,S 1156 : 6.42 3305: 3491: 27.5 22,8 1410:' 5, 61.1 44486. 29 • 2 41035. 0.096 1524. 18,7 1321 . 3.76 1877. ,2311 • 23.7 19.2 1398. 6. 61.~ 42345. 31 .5 43936. 0.032 1346. 15.3 1448. 1. 31 647. 1107, 19 .9 16.5 1340. 
llI.196.B 40. L 48.9 36667. 22,7 49363. 0.129 161 8 , 17,8 1520. 5·08 2596. 2596. 19·0 17.8 17. 2 7 2.. 13'.5. 0, 42035. 0,259 
1 , 48.1 37036. 21. 7 43240. 0.237 1710, 23.7 . 1176. 9.81 5438. 1.534. 25.0 21 .6 1372, 2, 48.4 38519. 20.9 45754-. 0.193 1846. 23.2 1309. 7.77 4144. 3669. 23.0 22.0 1384. 3. 48.3 386 57. 20. 7 483.t.,.1. 0.147 1872. 21 .5 1448. 5.82 3016. 288 0. ~O.7 21 .3 1367. 4, 48,9 38163. 21 .6 50883. 0.102 1768. 18.8 1587. 4.02 2037. 21 51 • 18.5 19.2 1321 . 5, 50.2 36087. 24-.4 53302. 0.060 1480. 14.7 1723. 2.38 1183. 1457. 15.7 15. 5 1267. ' 6. 49.9 31539. 27.5 55579. 0.020 1148. 10.9 1 R23. 0.84 415. 711. 12.2 , 1 .9 1156, : 
J 
._._-_. 
-" 
c.n 
~ 
i;-e- / hTP / ,/ RN 5 n ATov ~ 6Tf GL X hTP ReL 1/ Xt,~ AI B,' SG Hx Hy hTP 
: ' L lilT Chen 
t 111.197.B 
•• 1. 
-
360. 80, L 56.1 47382. 22.0 77658. 0.109 2155. 16.4 2417. 4.29 2178. 2178. 16.2 16.7 19. 1579. 
O. 68144. 0.218 
1 , 56.4 51427. 19.2 69848. 0.199 2675. 24.4 1962. 8.03 1+341 • 3619. 21.6 23.1 1707. 2, 56.2 48420. 21 .3 7321) 1 . 0.160 2277, 19.3 2139. 6.36 3349. 2966. 18.9 18.8 1646. 3, 55.7 4932 Z. 20.1 76502. 0.122 2453. 19.3 2327. 4.82 2475. ·2363. 17.3 19.4 1601 • I., 55.7 48119. 21 .0 79757. 0.085 2289. 16.8 2514. 3.35 169 0. 1786. 15.3 '7.5 1537. S , 56.4 45713. 23.5 82833. 0.050 1942. 13.5 26 85. 2.00 996. 1226. 13.2 14. 4 1434. , 6, 56.4 41292. 26.9 85740. 0,016 1538, 10.3 2810. 0.72 355. 607. 10.5 '1 .3 1315. -) 
- , 
-
90 wt.% water in ethylene glycol 
II1.213.B 10·0":'-· L 37.9 33683. 13.8 155871.. 0.044 2448. 6.9 8105. 1.82 780. 780. 5.5 7.0 19. 294. 2104. O. 
'"' 
148769. 0.087. 
1 • 40.4- 37088. 13.8 150059. 0.079 2692. 7.9 7729. 3.22 1380. 1151- 7.1 7.8 2561. 
i 2. 39.3 35492. 13.8 152645. 0.063 2575. 7.4 7887. 2.60 1113. 985. 6.4 7.4 2357. I ~2.717 • 
" 
3. 38.0 35060. 12.9 155168, 0.048 7.7 8059. 1.99 853. 814. 5.B 7.8 2171. 4, 37.0 34553. 12,3 157634. 0.03-3 2820. 7.8 8209. 1 .40 598. 632. 5.2 8.1 1975. 5, 36.4 32675. 13,0 159959. 0.019 2515. 6.9 8:S51. 0.83 353. 435, 4.3 7.2 1797. 6, 36,0 27229. 16.6 162004. 0.006 1643, 4,5 8465. 0,30 126. 216. 3,1 4.7 1561 • 
1 JI1.214.B 80, L 39.1 34840. 14.1 95708. 0.069 2473. 10.3 4967. 2.84 1216. 1216. 8.3 -10.3 18. 29 &. 2060. O. 88560. 0.139 
1 • 40,9 37397. 14.0 89837. 0.127 2663, 11 .. 8 4578. 5.14 2208. 1841 • 10.5 '1.3 2428. 2. 40,2 36918. 13.7 92363. 0.102 2703, 11. 7 4734, 4.13 1774. 1571 • 9,7 11. 4 2266. 3 • 39.4 353'60. 14.1 91.824. 0.078 251 6 , 10,6 4899. 3.18 1362. 1300. 8~7 '0.5 2102. 4, 38.4 34880. 13.4 97246. 0.055 2607. 10.7 5061 , 2.25 964. 1018. 7.8 10.8 19 54. 5 • 38.2 33802. 14.0 99533. 0.032 2420. 9.7 5209. 1 .38 589. . 725. 6,7 10.0 1816. 6. 37.5 30685. 15.6 101727. 0.011 1963, 7.7 5330, 0.51 219. .. 374. 5.2 8.1 1660. 
IJt.21S.B 95, L 67.3 63415. 20.7 60917. 0.173 3059, 18.5 3114. 7 ,20 3091. 3091. 18,7 16. 8 22. 372. 2.649 • 0, 48136. 0.347 
1 , 69.7 67428. 20.0 50413. 0.316 3376, 24,8 2441 . 14.56 6306. 52.58. 24.0 19.5 2998. 2. 68.7 65502. 20.5 54861. 0,256 3189, 21 ,5 2709. 11 .17 4823. 4271. 21.7 18. 1 2850. 3 , 68.0 63437. 21 .4 59176. 0.197 2964. 18.4 3016. 8.29 3558. 339 7. 19.4 16.3 272.3. 4. 67,1 63025. 20.9· 63410. CI.140 3013. '7.5 3270. 5,72 2451 , 2589. 17.6 16.4 ?564. 
5 • 65.6 61649. 20.5 67638. 0.082 3010. 16.5 3502. 3.36 1438, 17 70. 1 5.5 16.4 2385. 6. 64.5 59447. 21 .1 71715. 0.027 2813. 14.6 3764. 1 .17 498 R53. 12.9 1 5. 1 22 71. 

(J1 
(0 
S hTP ~ l/Xtt SG' hTP H: " RN n ATov q ATf GL X ReL A' B' Hy hTP L ' hlT Chen 
--. ~ . , , - . 
" , 
- - , 
II1.221.B 87. L 57.2 52438. 19.1 106828. 0.089 2749. 9.5 6226. 3.61 1417. 1417. 9.S 9.2 22. 30 7 • 27~4. 
O. 96429. 0.177 
1 • 59.0 58950. 15.8 98376. 0.161 3737. 13.8 5689. 6.63 2621 . 2185. 12.3 12.6 3343. 
2. 58.0 56176. 11.0 102232. 0.127 3311 • 11 .9 5929. 5.20 2051 . 1816. 11.1 11. 1 3075. 
3. 56.8 52477. 18.6 106001. 0.096 2819. 9.8 6164. 3.89 1533. 1464. 9.8 9.5 2805. 
4. 55.8 51552. 18.3 109552. 0.065 2817. 9.5 6397. 2.69 1054. 1113. 8.7 9.4 2590. 
S. 55.3 1.9703. 19.3 112941- 0.037 2578. 8.5 6607, 1. 55 606. 746. 7.4 8.6 2359. 
6. 57.1 45773. 24.0 115874. 0.012 1905. 6.1 6777. 0.54 210. 359. 5.9 6.4 2169. 
----
, 
I1i.222.B 100, L 67. ,I.. 66339. 15.6 74996. 0.151 3574. 16.4 4360. 6.26 2464. 2464. 15 • 1 15.0 24. 39.9. 3039. 
O. 4.:, 61640. 0.302 \. 
L 70.2 74157. 1 S' • 1 64150. 0.274 ' 4910. 25'.9 3666. 12.26 4901 • 40 86. 19. 8 21 .0 3631. 
2. 69.5 72736. 15.5 690,8 . 0.218 4690. 23.2 3972. 9 ~'37 3723. 3297. 17.9 19,9 3399. 
3. 68.1 65391. 19.9 7373f1. 0.16,5 3280. 15.3 4270,. (89 '2721. 2598. 15.4 13.8 3092. 
4. 65.9 65391. 17.8 78235. o • 11 5 3668. 16.2 4557. 4.70 1847. ,1951. 13.9"15.4 2865. 
5, 64.8 63022. 18.6 82568. 0.065 3387. 14.3 4827. 2.71 1061 . 1307, 12.0 14.2 2649, 
6. 65.3 57336. 23.5 86497 .. 0.021 2441 , 9,9 5074, 0,93 364. 624. 9.5 10,2 2.407, 
JlI.223.B 67, L 69.0 64580. 21 .6 58754. 0.180 2.994. 16,7 3415. 7.57 '2981 . 2981 • 17.7 14.9 24. 334-. 2944. 
O. 45826. 0.361 
1. 71.3 69808. 19.6 . 48162. 0.328 3557. 23'.6 2744, 15.47 6201. 51 70. 23.1 18.0 3444. 
2. 70.3 65947. 21 • 7 52702. O.26? 3035. 18.6 3028. 11 .78 4686. 4149. 20.4 15.3 3219. 
3. 69,3 65143. 21 .4 57091. 0.20 4 3046, 17.5 3299. 8.66 3428, 3273. 18'.5 15.2 3035~ 
4. 68.7 64822. 21 .1 61419. o . 143 3079 , 16.5 3576. 5.91 2325. 2455. 16.7 15.3 2823. 
5.,67.4 63374. 20~9 65741. 0.083 3034. 15.3 3851 . 3.41 1331 . 1639. 14.6 15.0 2641. 
6. 67.0 58388. 24.4 69787. 0.026 2396. 11 .5 4096, 1 .16 451 • '771. 11.7 11.8 2453. 
IlI.224.B 100. L 42.2 39631 . 13.6 138015. 0.055 2906. 8.1 8079. 2.28 891 . 891, 6.3 8.1 20. 323. 2460. 
o • 129962. o • 11 0 
1 .' 44.0 42496. 13.3 131 4 24, 0,100 3193. 9.3 7654, 4.07 1600. 1334. 8.0 9.0 2980. 2. 42.9 41302. 13.1 13434-2.. 0,080 3143. 9.0 7835. 3.27 1284. 1137. 7.2 8.8 2762. 
3. 42.1 40586. 12.8 1:>7169. 0.061 3169., 8.9 801ls. 2.51 982. 937. 6.6 8.9 2543. 
4. 41.5 40586. 12.2 ~ 39933. 0.042 3322. 9.2 8204. 1. 76 689. 727. 5.9 9.3 2323. 
5 • 40.8 39392. 12.5 142666, 0.023 3161 • 8.6 8372. 1 .02 398. 490. 5.0 8.8 2137. 
6 . 41.1 33424. 17 • 1 145029. 0.007 1950. 5.2 8509. 0.35 135. 231. 3.6 '5.4 1873, 
-4 
en 
0 
RN 5 l1Tov -hTP hTP / hTP / / n 9 ATf GL X ReL l/Xtt- AI BI SG Hx Hy hTP hL hU Chen , 
- I 
11 1.225.B 67, L 48.0 44834. 15.5 78875. 0.103 2884. 12.6 4618. 4.18 1636. 1636. 10.7 1 2 • , 2t. 321 . 2512.i 
0, 69828. 0.206 
2992.1 1 , 49.7 48153. 14.7 71447. (\.187 3267. 15,6 4146. 7.83 3087. 2574, 13,6 13.8 
2, 48,9 47372. 14,6 71.659. o . 1 51 3246, 14.9 4342. 6.20 2438. 2159, 12,4 13.7 2806. 
3, 48,2 45290. 15.4 77778. 0.115 2939. 13.0 4542. 4,70 1841 . -1757, 11 • 1 12,4 259 7.: 
4, 47.6 44769. 15,2 80799. 0.081 2943, 12.6 4740. 3.30 1289. 1362, 10.0 12.3 2413. 
5, 47.0 43207. 15,9 83747. 0.047 2726. 11 .3 4922. 1.98 771. 949. 8.6 11 .4 . 2231 , 
6. 46,4 40214. 17,5 86554. 0.016 2302, 9,3 5091 , 0,70 274. 469, 6,9 9.6 2053., 
I I I .226. B 67, L 57.2 53784. 18.0 64299. 0.144 2991 , 15.4 3763, 5.90 2309. 2309, 14.3 14.2 22. 333. 2718'1 
O. 5352.5. 0.287 
3206.1 1 , 59.1 58078. 16.6 55481 . 0.261 3503, 20.5 3208, 11,52 4556 3799. 18. 4 16.~ 
2, 58.1 54481 . 1 a, 4 59256. 0.211 2961 , 16.4 3 /.43. 8.96 3530: 3126. 16.4 14.2 29 80 . 
, I 
3, 56.9_ 54028. 17.6 62916. 0.162 3078, 16.2 3676 6,71 2630. 2511 , 14.9 14. 7 2791 . . • 
I., 56.3 54082. 16.9 66520. 0,114 31 96 , 16.0 3901 . 4.66 1818, 1920, 13.5 15. Z . 2617. 5, 56.2_ 53282.. 11,4 70064. 0.067 3056, 14,7 4115, 2,75 1070. 1318, 11 ,9 14,5 2452. 
6. 55.9 48753. 20,6 73449. 0.022 2367, 10,9 4321. 0,96 372. 637, 9.5 1 1 , 2 2236. 
! 48, 58,S 53928. 19,3 45671. 0.190 2801 , 19,0 2668. 7,99 3131 . 3131. 18.5 16.8 312. 2662 •• I IlI.227,B L 21, 
I 0, 34947, 0.380 1 • 59.6 56812. 1 B , 1 36822.. 0.347 3138. 25·,7 2109. 16.63 6636. 5532, 24,0 19. 2 3055. 
2, 59.1 55586. 10,5 40554. 0.281 3000. 22.6 2345. 12,62 4992. 1.420. 21.6 18.2 2899. 
3, 58.5 54087. 19 , 1 1.1.197. 0.216 2826, 19.8 2569. 9,24 3637. 34 72. 19. 4 17. 0 2717. 
I., 58.2 53951 . 1 a. 9 477S0. 0.153 2858, 18.7 27'95. 6.30 2466, 2605. 17.5 '7, 1 2585. 
S. 58,0 53133. 19 .3 51321. 0.090 2754, 16.9 3019. 3,67 1429. 1760. 15.5 16,4 2431 • 
6. 57.9 50000. 21 ,6- 54726, 0.030 2314, 13.5 3226. 1. 27 495. 847. 12.7 13,8 2287. 
tlt.22R.B 22, L. 59.7 50961) . 22.7 25653. 0.283 2250. 24.3 1493, 12.72 5001 . 5001 , 26.9 ,9.5 20. 251- 2501 • 
0, 15551. 0.565 
1 , 60.3 .54922. 20,2 173 Ao • 0.514 2715 , 41.6 968, 30,89 12620. 10521, 37,2 24.5 27'56. 
2. 60.1 53176, 21 .4 20931 •. 0.415 2487, 32.2 1 194 . 21 .53 8623. 7635. ~2.2 22.0 2678. 
3 , 59.6 4995J. 23,t. 24~5(l. 0.319 2134, 24.1 14-11 • 14.86 58 70. 5605. 27.7 18 .6 2531 •• 
4, 59,3 49953. 23,0 27'6 -I, (1 • 0.226 2168. 21.9 161 8 . 9,75 3815. 4-029. 24.9 18.7 2437.· 5 , 59.2 49416. 23.3 3(IQtp2. ".135 2117, 19. 5 1 R 21 . 5.52 2148. 2.6 44, 22.0 1 8. 1 2305. 6, 59,4 48342. 21,..4 34160. 0.(11.5 1980. '6.8 2018. 1 ,87 725. 1241 . 1R.8 16.9 2254. 
~ 
0'1 
...... 
- ._-> 
----.-----
hrp hrp 1/ Xtt- A' BI / hTP HI' hT~ RN S n -.6 Tov q ATf GL X ReL SG Hy III lilT x Chen 
r 
--I I I1 • 229 . B 42. L 55.6 4984 7 • 19.5 48825. 0.170 2562, 16.5 2856. 7.06 2762. 2762. 16.6 14. B 21 • 285. 25 70. i O. 38847. 0.339 ~ 
! 1 • 57,1 54402. 17.5 40661 . 0.309 ;3113. 23.5 2336, 14.21 5655. 4715. 21.7 18.3 29-85, ! 
- 2. 56.6 51034. 19.5 44169. 0.249 2612, 18,3 2561 . 10,89 42.96. 3804 19.2 15.3 2803. • 3. 55.9 49350. 20.1 47524. 0.192 2460. 16.2 2775. 8.07 3164. 3021 • 17.2 14.3 2630. 4~ 55.0 49220. 19.4 50824. 0.136 2543. 15.8 2981 . 5.57 2174, 22.9 7. 15.5 14.7 2468. 
5. 54.8 48443. 19.7 54059. 0.081 2455. 14.5 3176. 3,30 1286. 15 84. 13.8 14.2 2341. 6. 54.4 466 30. 20. 7 57223. 0.027 2253. 12.7 3367. 1.17 454. 777. 11. 5 13.0 2191 • 
~ 
1 .. - .. -~ . 
I 1I1.230.B 52, L. 70.7 64930, 22.9 48966. 0.209 2832. 18.3 2845. 8.89 3500· 3500. 20.3 15.8 23. 317. ?91 9 . ! O. 36028. 0.418 ... i ..-
.; 1 • 72.1 69295'. 20.9 38331 . 0.381 3321 • 26.5 2181 . 18.96 7610. 6345. 26.5 19.0 3369 • 
i 2. 71.7 67200. 2?1 42860. 0.308 3038. 22.0 2462. 14 \17 5638. 1.992. 23.7 1 7 • 2 3190. t, 3. 71.0 6510 4 • 23.1 47264. 0.236 2816. 18.8 2717. 1 o·~ 25 4074. 3890. 21 .3 1 5' .9 2965. 
4. 70.2 64655. 22.7 51596. 0.167 2852. 17.7 299 i. 6.91 2728. 2881. 19 • 1 16.0 2802. 
5 • 69.4 63458. 22.9 55871. 0.097 2776. 15.9 32 85, 3.98 1550. 1908. 16,7 15.4 2638. 6. 69.5 59866. 25,7 59940. 0.032 2331 • 12.6 3528, 1. 36 529. 906. 13.8 12,9 2460. 
! 111.231.B 42, L. 67.3 60130. 23.3 - 41673. 0.223 2583. 18.8 2443. 9 56 3734 3734 " 21 , 4 16 1 22. 287. '818 
- . !: O. 29738, 0.445 
j' 1 • 68.5 64610. 21 .0 31876. 0.405 3077, 28,.3 1824. 20,81 8311 . 69 30. 28.3 19.6 3195. i! 
2. 68.0 61767. 22,7 36069. 0.327 2720. 22.5 2084. 15.37 6083. 5386. 25.0 17.2 3019. 
3. 67.3 59699 • 23.7 40106, 0.252 2522. 19.0 2341. 11 .05 4334. 4139. 22.1 15.8 2848~ 
.' 4. 66.8 59441 . 23.3 44066, 0.118 2553. '7.7 2594. 7.44 2894. 3056. 19.9 15.8 2714. : 
;. 5. 66.1 58666. 23.2 47995, o • 1 05 2525, 16.3 2837. 4.28 1657. 2040. 17.6 , 5.6 2547. 
6. 66.6 56598. 25.3 51771. 0.034 2231. 13.6 3064. 1 .1.6 566. -968. 14.8 13.8 2438. 
IlI.232.B 27. L 68.7 59525. 25.1 / 26756. 0.306 2369. 24.7 1562. 14.09 5524. 5524. 28.9 19.3 2.2. 264. 2.707. 
O. 14941. • 0.613 
1 • 69.4 63664. 22.7 17043. 0.558 2809. 43,7 9 49. 36.15 14779. 12322. 40.7 23.9 2.970. 2 •. 69 .4 62008. 23.9 21193. 0. 451 2597. 33,2 1212. 24.55 9809. 8685. 3/ •• 9 21.5 2902. 3 • 68.9 59600. 2;.3 25221 . 0.346 2354 •. 25,8 1466. 16.58 6527. 6232. 30.2 ,9.2 2772. 
4. 68.4 58998. 25.3 291 52. 0.244 2331 • 22.5 1711 . 10.64 4151. 43 84. 26.8 18.8 2629. 5 • 68.0 57493. 26.1 33012. 0.144 2207. 19.2 1952. 5.93 2295. 2825. 23.5 17.7 2510. 6. 67.9 55386. 27,6 36740. 0.047 2007. 1-6.0 2 -,77 • 1.98 765. 1310. 19.9 '6. 1 2399. 
0'\' 
N 
~ . ~.---. ~ --- -- -- -
GL hTP hTP 
ReL l/Xtt A' B' 
,. 
hTP 
, / 
RN 5 n ATo" 9 ATf X SG Hx Hy hTP . lil lilT Chen 
ITI.233.B 40, L 25.1 21184. 10.7 81026. 0.050 1989. 8.4 4814, 
2,09 807. 807. 5.7 8.4 15, 219 .-- 1764, 
0, 76749. 0.100 
1 • 26.6 22391 • 10,6 11469. 0,092 2103. 9,2 4593. 3.76 1451 . 1210. 7.3 8.9 2054. 
2. 26.5 22223. 10,7 78947. 0,075 2080, 9.0 4683. 3,06 1181 , 1046, 6.7 8.8 . 1958. 
,3. 26.1 21381. 10.9 80422, 0.057 1969. 8,4 4769. 2.37 916. ,875. 6,0 8.4 1797. 
4. 25.1 21212. 10.6 81859. 0.040 1999. 8.4 4863. 1. 71 658. 6.9 5. 5.4 8.5 1704. 
5. 25.2 20701. 10.4 83238. 0,024 1984, 8.2 4959. 1.04 399. 492. 4.6 8.4 
1585. 
6, 24.6 19192. 1 1 . 0 84649. 0.008 1743. 7,1 5039. 0.37 143. 245. 3.6 7.4 1475. 
-----. 
IIt.234.B 20, L 26.3 20222. 11 ,9 4264-7. 0,086 1696, 12,0 2533. 3,52 1358. 1358. 9 • 1 11 • 6 13 • 
187. 1657. 
0, I.: 38632. 0.172 
1 • 26.6 20548. 12.0 39299. 0.158 1713. 13 •. 0 2317. 6.54 2538. 2116. 11. 3 11. 8 1887. 
! 2, 26.5 202.97. 12..1 40651 . 0.129 1678, 12.3 2407. 5.28 2043. 1809. 10.4 11. 6 1776. I' 3, 26.4 19846. 12.3 4.1981. o , 1,00 1612, 11. 5 2490. 4.10 1582. 1511 • 9.5 11.1 1686. r 
4. 26.4 20548. 11 ,8 43316, 0.072 1747, 12.2 2573. 2.95 1136. 1200. 8.8 12..0 1630. 
5. 26.0 20548. 11 .4 44688. 0,042 1796. 12.2 2658. 10 78 686. 845. 7.7 12.3 ;544. 
6. 26.0 19546. 12.1 46015. 0.014 1617, 10.7 2740. 0.64 244. 418. 6.2 11.1 ,471. 
i 60 wt.% water ethylen e glycol ! in 
I 
111 1.248 • 8 78, L 47. 9 41425. 18.2 78916. 0.095 2275. 16,8 2491 , 3.74 1884. 1884. 14. ~ 17.3 18. 376. 1486. 0, 10632. 0.190 
1 , 48.5 44384. 16.5 72083. 0.173 2685, 23,1 2093. 6.93 3660. 3051. 18.5 22.3 1634. 
2, 48.6 43868 17 • 1 75008. 0,140 2572. 20.7 2262. 5.52 2852. 2525. 16.8 20.6 1590. , 
3. 48.4 42526. 17,8 17898. 0.107 2383. 18.0 21~ 39 • 4.20 2123. 2027, 1 I • • 9 18.3 1522. 
4, 47.7 41804. 17.7 80759. 0,074 2364. '7 • 1 2561 • 2.92 1469. 1552. 13.5 17 .9 1436. 
5 • 41.0 3984.3. 18.5 83526. 0,042 2154. 14,9 2~98. 1. 71 854. 1051 • 11.6 16.0 1335. 
6. 47.4 36127. 21 .6 86024. n.013 167 2, 11 • 1 2833. 0.60 296. ~506. 9.2 12.2 1245. 
.. 
111.249.8 98. L 41.8 42363. 17,4 103471 . 0.077 2440. 14.4 3292. 3·03 1522. 1522. 11 .6 , 5 . 1 19 • 401 . ,550. 
O. 9 48~,O. 0,153 
1 • 49.1 45175. 16 , 1 96379. 0.140 2839. 19.0 . 2850. 5.52 2883. 2.404. 1 5 • 1 ,9,0 1730. 
2. 49.0 44885. 16.7 99411 , o . 113 2686. 17,1 3034. 4.43 2275. 21)14. 13.7 17.3 1670. 
3. 48.5 43995. 16.8 102429. 0.086 2613. 15.7 3236, 3.39 1706. 1629. 12..3 16.3 1593. 
4. 47.2 1.2978, 16,4 105459, 0.059 2628. 15.2 " '3383. 2.35 1177. 1243. 1 1 . 0 16.1 1492. 
5 • 46.4 40180. 17.6 108321. 0.033 2286. 12.8 3524. 1 .38 685. 844. 9.3 13.8 1366. 
6, 46.6 36366. 20,6 110847. 0.011 1761 • 9.6 3648. 0.49 243. 416. 7.3 10.5 1249. 
~ 
CJ'l 
W 
. -- -- -----. --- -- -- -
S ATov ATf GL X hTP 
hTP ileL IjXtt A' / hrp / - h· ",. RN n q' 1iL B' 
SG 
-hlT Hx Hy TP . Chen . 
-
- -- 6.68 3429. 281(-'432. 111.250.B 39. L 56.4 43180. 25.4 42742. 0.167 1700. 21 .2 1302. 3429. 24.3 20.5 18. 
O. 34200., 0.333 
1 • 53.5 41917. 23.5 35523. 0.307 1785. 30.9 90S. 13.54 8012. 6680. 33.5 26.3 1379. 
2. 55.2 44061 • 23.5 38341 . 0,252 1872. 28.0 1061 . 10.64 5816. 5150. 29.7 25.1 1435. 
3. 56.0 45013. 23.6 41300. 0,195 1908. 25,0 1230. 7.91 4116. 3930. 26.4 23.6 1460. 
4. 56.9 44061 • 25.2 44250. 0,137 1745. 20.8 1378. 5. '.4 2761. 2916. 23.3 20.6 1432. 
5. 58.4 43108. 27.5 47106. 0.081 1568. 17.2 1516. 3.22. 160 7 • 1979. 20.5 17.9 1369. 
6. 59.1 40917 . 29.8 49897. 0,027 1372. 14.1 1644 1 .13 56 0. 958 17 • 1 15 3 1322. . • . 
---"--, 
itII.251.B 59. L 56,1 46394. 22.. 7 70031 . 0,116 2044. 16.8 2190. 4.57 2314. 2314. 17.2 17.0 19. 340. 1549. 
~ O. 4.0 60865. 0.231 
1 • 54,6 48310. 19.7 62374. 0.212 2452. 25.3 1696. 8.68 4813. 4013. 23,2 23.7 1609. i 2. 56.0 48165. 21,3 6550-4. 0.173 2266. 20.9 1922. 6.93 3638. 3222. 20.4 20.1 1627. l' 
~ 3 , 56.8 48165. 22..0 6867/ •• 0.133 2187. 1 B .4 2128. 5.26 2676. 2555. 18.3 18.3 ·1605. 
4. 56.6 47146. 22.6 11875. 0.092 2082. 16.6 2273. 3.65 1836. 1940. 16.4 17.1 1518. 
5. 56.4 44964. 2.4,1 14972. 0.053 1868. 14.1 2420. 2.14 1069. 1316. 14.2 15.0 1416. 
6. 57.1 41617. 21.3 17819. 0.017 1527. 11 .0 2568. 0.76 373. 639. 11 .5 12.0 1327. 
r I11.2S2.B 79. L 56.1 46348. 22.7 17429. 0.107 2044, 1 5" • 4 21+30. 4.23 2136. 2.136. 15.8 15.7 19. 339. 1574. 
O. 68135. 0.214 
1 • 56.5 48367. 21,6 69107.-0.196 2243. 20,.7 1943. 7.93 4312. 359 5. 21 .0 19.6 1665. 
2. 56.6 48991 . 21. 2 729 S2. 0.159 2308. 19.3 2160. 6.32 3300. 2922. 18.9 18.9 1663. 
3. -56.3 48792. - 21.1 16245. 0,121 2318. 17.8 2376. 4.77 2420. 2311. 16,9 18.0 16'27. i 
4. 55.7 47090. 21.1 19497. 0.083 2165. 15,8 2527, 3.29 1655. 1748. 15.0 16.4 1519. 
5. 55.5 1.4679. 23.4 825Bo. \ ().O48 1913. 13,3 2672. 1. 93 962. 11 8 4. 12.9 14.3 1423. 
6. 5"5.9 40169. 27.2 85379. 0.016 1478. 9.9 2810. 0.68 337. ·576. 10.2 10.8 1304. 
- , 
~.40 wt.% water in ethylene glycol 
IlI.253.B 79. L 45.5 33705. 21 .6 104465. 0.060 1562. 1.2.5 24'+-6. 2.36 1579. 1579. 13.2 13.6 18. 329. 1083. 
O. 97825. 0.120 
1 • 44.2 36011. 18.6 98921 . 0.110 1937. 17.3 2174. 4.27 3256. 2715. 1 R, 2 18.3 1189. 
2. 45.2 35554. 19.9 101260. 0.089 ,784, 1 5. 1 2299. 3.45 2451 . 21 1 0. 15.9 16.2 1154. 
3. 45.8 35211. 20.1 103614. 0.067 1698. 13.7 2422. 2.65 1779 . 1699. 14.0 14.9 1111-
4, 45.6 34525. 21 .1 106002. 0.046 1638 • '2.8 2499. 1 .84 1216. 1285. 12..6 14.2 1046. 
5 • - 45.4 32581 . 22.3 108304. 0.025 1461 . 11 • 1 2583. 1. 05 683. 841- 10.7 "2.5 967. 
6 • 47.0 28351 . 26.9 110224. 0.008 1053. 7,8 ,26~?! 0.37 234. ,,"01, 8,3 8.9 878. 
0 
~ 
Q) 
~ 
RN 5 n ATOV q ATf GL X hTP nTP ReL 1/ Xtt A' B.' 
, 
hTP / ,/ SG Hx Hy hTP 
, ' hl hlT Chen \ 
\' 
0.075 1452, 19 46. 2,95 196 3 • 196 3 • 16. 2 15. 0 3-05. ! IIt.254.B 59, l 47.9 34254. 23.6 82902. 13.9 18, 1081 • 
0, 76164. 0.150 
of 1 , 45.8 35223. 20.8 77214. 0.139 1691 • 18.7 1675. 5.43 4281 . 3569. 22.4 19.3 1159. 
\ 2, 47.3 35102. 22.4 79495. 0,113 1570. 16.3 1788. 4.41 3192. 2826. 1,9.6 17. 1 1137. 
! 3. 4'7.8 35223. 22.8 81843. 0,087 1544. 15.1 1905. 3,40 2298. ·2194. 17.3 16.1 11 08. 
t 4, 48.6 35707. 23.2 84198. 0,061 1540. 14.5 1990. 2.40 1579. 1667. 15.8 15.8 1058. 
i 5, 48.8 34012. 24.7 86549. 0.034 1380. 12.4 2084. 1 .41 899. 1,' 07. 13.5 13.9 991. t 
\ 6. 49,7 30260. 28.3 88662, 0.011 1069, 9.3 2161 , 0.49 307. 525., 10.6 10.6 915. I 
I 
I - .. - f i ttt.2SS.B 41 • I.. 48.1 31250. 26.0 62342. 0.090 1202. 14.5 1455. 3,51 ' 2361 , 2361. 19.2 ,5.5 17. 25 Ir. 1015. 
r O. ~ 56190. 0.180 
I 1 • 43.9 30949 . 22.0 57138. 0,166 1 408. 20.2 1219 . 6.56 5413. 4513. 26.8 2g.4 1051 • 
,. 
2. 46.4 32078. 23.7 5915.6. 0.136 1354, 18.1 1312. 5.34 3986. 3529. 23 • .7 1 .6 10.57. 
3. 48.7 32078. 26.0 612'2'4. 0.106 1234. 15.4 11.10. 4.1 4 28 52. 2723. 20 . 7 16.2 1 036. 
4. 49.6 32078. 26.8 63378. 0.075 1196. 14.2 '1490. 2.93 1943. 2053. 18.6 15.3 995. 
S. 50.0 30949. 28.1 65511.. 0.043 1102. 12.4 1577. 1.75 1 1 18. 13 76. 15.9 13. 7 946. 
6. 51 .2 29367. 30.5 67510. 0.014 964. 10.4 1650. 0.63 392. 671. 13.2 11 .8 903. 
·;30 wt.% water in ethylene glycol 
I --
I 111.256.9 62. L 42.9 25773. 24.8 98748. 0.048 1041 • 10.2 '2018. 1.94 1846. 1846. 15.6 11. 5 20. 254-. 847. 
I O. 93719. 0.097 
! 1 • 39.3 26711 . 20.5 944.91. 0.089 1301 • 14 .. 1 1858. 3.51 4039. 3368. 21 .8 15.4 914. 
2., 41.8 26711 • 23.1 96144. 0.074 1157. 12.0 1923. 2.89 3024. 2677. 19.1 13.3 894. 
3, 43.5 26711. 24.7 97874. 1).057 1080. 10.8 1992. 2.26 2179. ' 2081. 16.7 12. 0 872. 
4. 43.8 26409 . 2.5.2 99713. 0.039 1047. 10.1 2051 • 1. 59 1473. 1556. 14.9 11. 5 831-
5. 44'.0 25104. 26.4 101499. 0.022 951- 9,0 2104. 0.93 838. 103 1 • 12.7 , 0.3 782. 
6. 45.6 22995. 29.5 103047. 0.007 781- 7.2 2143. 0.33 293. " 502. 10.3 8.4 736. 
111.257.B 43. L 44.5 23802. 27.8 66262. 0.064 856. 11 • 7 1344. 2.5 /• 2495. 2495. 20.9 13.0 18. 2 '11 . 795. 
O. 61698. 0.129 
1 • 38.3 23820. 21 .6 62344. 0.120 11 01 • 17.0 1216. 4.70 5782. 4821 • 29.4 18. 1 835. 
2. 41 .7 23597. 25.2 63821. 0.099 936. 13.8 1 2,62. 3.87 4315. 3821 • 25.6 14.9 814. 
3. 44.3 24154. 27,3 65360. 0.077 883. 12.4 1314. 3.03 3083. 2944. 22.7 13.6 811. 
4, 46.3 24377. 29.2 66955. 0,055 834, , 1 .2 1366. 2.17 2077. 2194. 20.2 12.5 790. 
5, 47.4 24043. 30.6 tS86(}1. 0.031 787. '0,2 1418. 1. 29 1177. 1449. 17.5 11 .6 758. 
6. 49.9 22818, 33,9 70110. 0.010 674, 8,5 1457. 0.45 401. 696. 14.7 9.8 734. 
~ 
en 
U1 
,- ... - ,- -. - ,. --
- -_.- --- -- - - -- -_. -- - _. - . __ .-.- --.---~- " .... _-_ ... - . 
RN S n .dTov ATf hTP hTP ReL l/Xt t ~ h I 
/ 
! q Gl X III A' B' SG ~ Hx Hy hTP . - Chen , 
IJtt.258.B-
. .--- -.-~--------
- - -- - -
61 • L 47.7 30545. 26.1 92731. 0.061 1169. 11 .5 1962. 2.38 2008. 2008. 16.9- 12.8 20. 273. 949. 
\ 
. O. 86722. o . 122 , 
I 1 • 44.3 31484. 22.0 87596. 0.113 1428. 15.9 1760. 4.36 4455. 3715. 23.7 16.9 1017. I 
-, 
1292. 13.6 1841- 3.58 3328. 2947. 2.0. 7 14.7 I 2. 46.6 31484. 24.4 89593. 0.093 1001 • 
_ 3. 48.0 31484. 25.8 91663. 0.072 1 ~21 • 12,3 1926. 2.78 --2403. 2294. 18.2 13.5 974. I 4. 49.0 31697. 26.6 93780. 0.050 1193. '1 .6 1998. 1.98 1640. 1732. 16.4 12.9 937. i 
J 5. 49.4 :49889. 28.3 95852. 0.029 1055. 9.9 2071. 1.18 942. -1160. 13.9 11. 2 875. ~ 6. 50.3 27230. 31 .2 97791. 0.010 874. 8,0 2123. 0.43 339. 580. 11. 2 9.2 818. 
",--.--
I 
t Il1.259.B 40, L 48.7 28125. 28.9 63578. 0.080 974. 13,1 1338. 3.10 2658. 2658. 21.9 14.3 19. 229. 897. 
! O. ..; 58053. 0.160 , 
43.4 27571 • 24,0 58822. 0.149 1149. 17.9 1167. 5.81 6340. 5'2.86 31 .0 18.5 922. ~ 1 • } • 
i! 2. 46.6 . '2.7674. 27,1 60575. 0.123 1020, 15.0 1229. 4.78 4672. 4.137. 26,9 15.8 912. 
l 3. 48.9 28500. 2a.8 62410. 0.097 989. 13.7 1296. 3.74 3353. 3201, 24,0 14.8 906. ; 
i 4. 50.5 29243. 29.9 64341. 0.069 979. -'2.9 1363. 2.68 2257. 2.3 83. 21.6 14.2 890. I 5. 51 .4 28500. 31.3 66311. 0.040 910. 1 1 , 5 1432. 1. 61 1287. 1585. 18.5 12.9 853. I 6. 53.0 2.7261 . 33,8 68172. 0.013 B07. 9,8 1487 0.59 455. 778 15.5 11. 3 821 • I 1 . • 
I 
i 
11l1.26O.B 100. l 37.3 26962. 1 R. 3 170026. 0.032 1473, 8,5 3771. 1.31 980. 980. 8.3 9.5 19. 327. 963. 
I o. 164379. 0.064 
1 1 • 38.2 30401 • 16.7 165~98. 0.059 1821 , 1 1 ~ 1 3558. 2.32 1866. 1555. 11. 2 12.3 1110. 
! 2. 38.4 28691 • 1 R • 1 167293. 0,048 1587. 9.4 3643. 1,89 1479. 1309. 9.9 10.5 1049. I 
3. 38.0 27837. 18.4 169269. 0.036 1516, 8,8 3741. 1 .47 1109. 1059. 8.8 9.9 985. 
4. 37.4 27226. 18.2 171235. 0.025 " 1494, 8,5 3819. 1. 05 774. 818. 7.8 9.6 924. 
5 • 36.6 25639. 18,5 173168. 0.014 1386, 7.7 3882. 0.62 453. ,558. 6.6 8,9 848. 
6. 36.2 21976. 20,7 174854. 0.005 1061 , 5,9 3930. 0,23 164. 280. 5,0 6.8 764. 
. 
20 wt.% water in ethylene glycol 
80, 27,9 16253. 16.6 173509. 0.018 979, 6,5 
. 
111.261.B l 3413. 0,75 866. 866. 7.8 7.6 19 , 256. 658. 
O. 1704 1 3. 0.035 
1 • 27.1 18085. 14,5 170R"19. 0.033 1250. 8.7 '3327. 1,34 1670. 1392. 10.5 9.9 7 '+4, 
2, 28.0 17642. 15.7 171938. 0.026 1125. 7,6 3370. 1.10 '296. 1148. - 9.3 8.8 714. 
.,' ~. 3, 28.2 17193. 16.2 17312.6. 0.020 1060. 7.1 3410. 0,84 956. 913. 8.2 8.2 678. 
4, 28.1 16755. 16.4 174339. 0.013 1023. 6.8 3/.37. 0,57 643. 679. 7.3 7.9 642. 
5. 27.5 15337. 16.8 ,75544. 0.006 910, 6.0 3 t. 57. - 0.29 326. 402. 6.0 7.0 594. 
6. 28.9 12500. 20.2 17632/'). 0.002 619, 4.1 3(.75. 0.09 1 01 . 173. 4-,3 4.8 525. 
.... 
en 
en 
i RN S ATov 6Tf GL hTP 
-?- ReL 1/ Xtt A' B' I hTP H' .-n 9 X -SG Hy hTP i hlT x j L Chen 
lIIl.262.R 82. L 38.2 20377. 24.0 159957. 0.021 85,0. 6.1 3145. 0.89 1033. 1033, 9,9 7.0 20. 2-22.. 722. 
! O. 1561.95. 0.042 
,3056. 1987. 1 • 35.0 22589. 19.2 157023. 0.039 1176. 8.7 1 .58 1657, 13.1 10.0 807. 
2, 36.4 22589. 20.6 158420. 0.031 1094, 7,9 3104. 1. 26 1488. 1318. 11 ,7 9 . 1 785. 
3, 37.0 21836. 21.7 159913. 0.021 1005, 7,2 3144. 0.91 1045. 998. 10,4 8.3 739, 
4. 36,8 20989 . 22.2 161447. 0.012 946, 6.7 3179. 0,54 611 . 645. 9.0 7.B 690. 
S. 39,0 18826. 25.9 162';47. 0.005 726, 5.1 3204. 0.25 289. 356, 7.3 6.0 638, 
6, 43.9 15436. 33.2 163084. 0,002 465, -3.3 3212. 0.11 122. 209. 5.1 3.8 577. 
75 wt,% water in ethylene glycol 
111.263.B 98, L 65.0 58845. 22.0 76376. 0.135 2670. 16.4 3063. 5.39 2448. 2448. 16,5 1 5.9 21 • 376. 2.152. 
O. 64503, 0.269 
1 • 66.4 62161. 2f).9 665 93. 0,245 2974. 22.0 2449. 10,40 4884. 40 72. 21 .4 1.9 • 2 2385. 
2, 65.9 61289. 21 .1 707.39. 0.198 2910, 19,9 2691 . 8,16 3779. 3346. 19,4 18.2 2291 , 
:5 • 65.3 60999. 20.7 74848. 0.152 2940, 18.5 29 70. 6.12 2788. 2.662. 17.6 17.7 2210. 
4. 64.5 59401 • 21 ,2 78919. 0.106 2804. 16.7 3197. 4.2?' 1909. 2016. 1 S-. 7 16.6 2.065. 
5, 63. 9 56642. 22.7 82831. 0.061 2499. 1 4 • 1 3406. 2.48 1117 . 1375. 13.~ 14.5 1907. 
6, 63.7 52575. 25.6 86479. 0.020 2054. 11. 0 3620. 0.87 391. 669. 11 .0 '1 .8 1774. 
111.264.B 58, L 69.9 59281 . 26.7 37122. 0.241 2223. 2,5.0 1445. 10.25 4702. 4702. 2.8.9 21. 8 20. 319. 2025. 
0, 25313. 0.483 
1 • 68.8 59351 . 25.5 27260. 0. 443 2327. 39 .. 8 873, 23.06 11536. 9618. 39.9 27.7 1952. 
2. 69.3 60341 . 25,3 31226. 0.362 2384. 33.7 -10 9 2. 17.11 8215. 7274, 35.2 26.0 2011-
3. 70.3 60482. 26.2 35210. 0.280 2310, 27.4 1352. 12,28 5667. 5410. 30.7 23.0 2058. 
4. 70.4 60058. 26.6 39226. I) .1 98 2260, 23, 7 1570. 8.19 3718. 3927, 27.4 '2.1.6 2011. 
S. 70.4 59069 . 27.4 43194. O. 117 2160. 20.5 1776. 4.69 2109. 2597, 24.3 20.2 1910. 
6. 70.7 56384. 29,7 47030. 0.039 1900, 16,5 1985. 1. 61 '718. 1229. 20.3 17.3 1844, 
\' I 1 1 . 2 6 '5 • B 100, L 62.7 58842. 19.7 68952. 0.147 2981 • 19.5 2826. 5.92 2.667. 2667, 17.7 18.7 2.1 , 4 1 L,. • .2167. 
\ O. 57092. 0.294 1 , 64.1 61030. 19.5 591 21 . 0.268 3137 , 25.5 21 7 0. 11 .59 5450. 4'S44. 23.0 21 . 8 2350. 
2. 63.8 59876. 20.0 1.31 'i 7 • 0.218 2987. 22.1 2/,40. 9 . 11 4196. 3715. 20.6 19.8 2294. 
3, 63.2 59587. 19.7 67162. 0.169 3020. 2.0.3 27 33. 6 . 87 3103. 29 6 3 • 18.6 19 , 1 2231 • 
4. 62.4 5915 /, . 19.3 71165. 0.119 3072. 1 9 . 5 2950. 4,78 2.147. 2267. 16.8 19.0 2103. 
5. 61.8 57712. 19,7 75094. 0.071 2925. 17.4 317R. 2,85 1272. 1 ';66. 14.8 17.R 1962, 
6. 61.1 55692. 20.7 78908. 0.024 2696. 15.2 3393. 1. 01 451 . 771. 12.4 16.2 1869. 
-" 
O'l 
'-l 
--... ,' -. -
•• ••• "." ~ _ • ~ ____ ~ _____ • __ ••• ____ •• _~. __ h. ______ 
.~ -- ... -~-'-'~----'~~' -_ ..... -- " 
RN S ATov q ATt GL hTP hTP ReL l/Xtt At B' 
, hrp H' 
, 
n X SG Hy hrp 
·-h- ~ x L Chen 
- Z699. 2699. 2183. I I I .266. R 100, L 60.8 59353'. 17.5 68430. o .148 3393. 22 .. 3 2819. 6.00 17.9 21. 3 21 • 470. 
0, 56512. 0.297 
1 • 62.3 59852. 18.6 58495. 0.272 3218. 25,7 2214. 11 .84 5493. 4579. 22.5 21.8 2396. 
2. 62.1 61420. 17.2 62536. 0,222 3574. 26.3 2446. 9.30 4259. 3771. 21.0 23.5 2331. 
3. 61.4 60707. 17.1 66637. 0.171 3553 •. 24.1 2709. 6.96 3145. 3003. 18.9 22.5 2247. 
4. 60.4 60707 .. 16.1 70745. 0.120 3779. 24.0 2934. 4.80 2154. 2275. 17.2 23.5 2.120. 
5. 59.2 58997. 16.2 74810. 0.069 3641. 21.9 3153. 2.79 1244. 15 32. 15.1 22.3 1985. 
6. 59.2 54437. 19.7 18573. 0.022 2758. 15.6 3385. 0.96 426. 728. 12.1 16.6 1847. 
--~---, 
111.267.8 100. L 47.7 43571. 16.3 107715. 0.076 2678. 12.0 4525. 3,04 1359. 1359. 9.7 12.2 19, 366. 1943. 
0, <.: 98885. 0.152 
1 • 49.5 46025. 16.2 100422. 0.138 2841 , 14,0 4059. 5.54 . 2509. 2091 • 12.3 13.5 2272. 
2. 48.8 . 45654. 15.8 103531. (I. , 12 2881 , 13.6 4259. 4.45 2005. 1775. 11 ,3 13.4 2.148. 
3. 48.2 45035. 15,7 106609. 0.085 2876, .13.1 41~68. 3,41 1525. 1456. 10.3 13.2 2015. 
4i 47.3 44293. 15.4 109662. 0.059 2874. 12.8 4594. 2.39 1070. 1130. 9.3 13.2. 1850, 
5. 45.9 42066. 15.7 112685. 0.033 2684, 11. 6 4761 • 1 .39 62.0. 763. 7.9 12.2 1685. 
6. 46.0 38354. 18.5 115347. 0.010 2077. 8.7 4961 • 0.48 . 211 • 361- 6.1 9.3 1565. 
, 
• 111.268.B 100. L 27.6 25251 . 9.7 195978. 0.027 2606. 7.2. 8372 . 1 ,15 512. 512· 4.0 7.6 17. 353. 1579. 
r O. 190526. 0.054 
" 
1 • 29.8 27730. 10.0 191428. 0.050 2768. 7 .. 8 8065. 2.02 903. 753. 5.1 8.1 1925. 
2. 29.4 26722. 10.3 193312. 0,040 2584. 7.2 8171 • . 1 .66 742. 657. 4.7 7.6 1780. 
3. 28.5 26218. 9.8 195236. 0.031 2665, 7,4 8303. 1. 29 576. 550. 4.2 7.8 1644. 
4, 27.1 25714. 8.8 197224. 0.021 290 6 • 7.9 X429. 0.91 403. 426, 3. 7 .8.4 1496. 
: 5 • 25.8 23949 . 8.8 199127. 0.011 2714. 7.3 8543. 0.52 232. 286. 3.0 7.B 1339. 
6. 25.4 21176. 10.4 2.007()2. 0.004 2032. 5,4 8663. 0.18' 82. " 140. 2.2 5.8 1215. 
I 1 J • 269 . B 100, I.. 64.6 58442. 22.0 7021/'0. o . 1 44 2661 • 17.1 2889. 5,88 2646. 2.646. 17. 4 16. 4 21- 369. 2176. 
O. 58401. 0.288 
1 • 66.3 61 801 . 21 .0 60463. 0.263 2941 • 23,1 2264. 11.47 5345. 4457. 22.6 19.8 2404. 
2. 65.7 59920. 2.2.0 64539. 0.213 2729, 19.7 2518. 8.98 4119. 3647. 20.3 17. 7 . 2.318. 
3. 65.0 59517 . 21 .5 68558. 0.164 2767, 18.3 2789 . 6 . 75 50 48 • 2910. 18.3 17. 3 2239. 
4, 64.4 58711. 21 .5 72526. 0.115 2725. 17.0 3009 : 4.69 2105. 2223. 16.5 16. 7 2113. 
5 • 63.7 56830. 22.4 16409. 0.068 2542. 15.0 3228. 2 •. 79 1244. 1532.. 14.4 15.3 19~5. 
6, 62.9 53874..· 23,B 80150. 0.022 2265. 12.6 3449. 0.99 438. 7'0. 11.9 13.4 1828. 
-... 
0'1 
00 
.. , _.. -.-.- -_._- . 
• ____ • _____ 0"- ~ ~_~ _. •• __ 0- ____ ~ _____ •• , _ 
RN S n ATov q ATf GL X hTP hT~ ReL IjXtt A' B' / hTP / / 
hL 
SG 
hlT"" Hx Hy hTP Chen 
. -
. ~ 
-- -" - -- ---. .-. ~ .. - . .-. 
111.270.8 100. L 63.0 59458. 19.6 70976. 0.144 3031 • 19.3 2921 • 5.84 2627. 2627. 17.4 18.5 21 • 420. 2193. 
O. 59024. 0.288 
1 • 64.8 59755. 21.1 61005. 0.264 2829. 22.1 22.84. 11. 45 5338. 4450. 22.1 18.9 2400. 
2. 64.2 59904. 20.4 65022. 0.216 2939. 21 .0 2537. 9.04 4147. 3672. 20.2 18.9 2331. 
3. 63.4 60498. 19.2 69073. 0.167 3158. 20.8 2810. 6.83 3083. ,2944. f8.4 19.5 2253. 
4. 62.6 66593. 13.6 73353. 0.115 4904. 30.3 3044. 4.65 2085. 2203. 17.8 29.8 21 98. 
5. 61.6 57674. 19.6 77552. 0.065 2947. 17.2 3276. 2.63 1176. 1448. 14.3 ,7.6 1966. 
6. 61.6 52323. 23.7 81199. 0.021 2207. 12.2 3494. 0.91 405. 693. 11. 4 13.0 1819 • 
. 
... _ ...-
5596'5, 30 86. 5 I1t.271.B 99. 'L 60.5 19.8 74990. 0.131 2832. 17.3 .24 2356. 2356 15.9 16. 8 21 • 392.. 2124 • . 
O. '-' 63719. 0.261 
1 • 62.1 58177. 19,7 65654. 0.239 2956. 21. 8 2458. 10,07 4695. 3915. 20.5 19 , 1 2338. 
2. 61.6 58774. 18.7 69575, 0.193 3143. 21 .3 2715, 7,93 3638. 3221 , 18,8 .1 9 ,6 2275. 
3. 60.9 58327. 18,4 73511. 0.148 3171 , 19.9 2990. 5,95 2687. 2566. 17.0 '9.0 2195. 
4. 60.1 56089. 19,3 7737'3. 0,103 290 4 • 17.2 3211 4.11 1846. 19 50. 15.0 17. 1 20 54. 
5. 59.1 54001 • 19.9 81105, 0,060 270 7 • 15.2 3426-: 2.42 1080. 1330. 13.0 1 5 • 7 1910. 
I. 
Table 5.1·.5 Experimental results f'or wat er-ethylene 
glycol mixtures, reboiler tube IV 
.. RN Run number 
S % submergence 
, . 
n Compartment number 
L indicates length-mean values 
169 
o indicates value at the reboiler tube outlet 
6Tov' 
q 
x 
A~ 
... ....... .. ----.~-----
Overall temperature driving f'orce of 
Heat·f'lux based on the inside tube area 
~tU/hr.ft.2. 
Inside film temperature drop of 
Liquid phase mass flux 
( Superficial) 
Vapour quality, Wt. fraction 
Two-phase heat transfer coefficient Btu/hr.ft~OF 
Btu/hr.ft. 2oF Liquid flowing alone coefficient 
hL = 0.023 (~~) r: G( l-X)Di J 0.8 
. 1. [PL J 
C 0.4 (ll p) 
K L 
Beynolds number of ~he liquid phase 
Reciprocal of the 
parameter ( X 
l-X 
10ckhart -Hartinelli 
-- - - . 
)O.9( P1 )O.5( Pv 
Pv 1-'-1 
(Ga) O.3 (l _6_H~_O _ ° 6 )( ) • (F)1.5 X 6 * tt. 1 
where: Ga is the Galileo number 
Ga = Di' g PL
2 
~2 
and P and p. 
are those of water 
------------- ------_ ...... _.- .. 
SG' 
Hot 
x 
liy , 
• 
170 
O 3 1 6H20 0 6 1 5 (Ga) • (---) (-6 -~--) • (F) • ( 1 
Xt~ L z 
Schrock and Grossman X-aXis 
coerd'inate 
SG' 
Schrock and Grossman y-axis coerdinate 
(~)(~)0.8 (pCp )0.33 
hLT = .0.023 D'i ,PL ,K L 
Hugbmark y-axis coerdinate 
. Hy , ~, btrp D,i 
'Kr, 
Two-phase heat transfer coefficient predicted 
by a mOdified Chen correlation~, 
, i 
• ~ .• _____ r __ •• ••• __ . __ ~ ___ • ______ ~._ .. __ •• 
" 
, " 
, ' 

.... 
"'-l 
IV 
RN S ATov ' rTP hTP BY hTP 
/ 
n q ~Tf GL X ReL 1/ Xtt A' SG' 
, 
hTP Hx tiy liL hlT ___ Chen 
-. - .-----~-- ---
IV.404.8 71. L 42.5 23814. 24. 8 256232. 11. 013 960, 5.2 87'}5. 0.57 1 063 ~ 1063. 7.2 6.1'26. 436. 721 • 
O. 252867. 0.026 
1 • 39,8 30255, 17,2 253313, 0.024 1757, 9 ,9 8618. 1 .00 2017. 1666.10·.2 11 .4 834. 
2.- 40.7 29084. 19 . 0 2543!lt'l. 0.020 1527. 8,5 S686~ 0,86 166 7~' 1·430. 9 , 3 9.8 805. 
3. 41.5 27522. 21 ,0 25527, , 0,011 130 8 . 7.2 8740, 0.71 1361 • 1219. 0 .5 8.4 772. 
4. 42.1 25766, 23,0 2562'17. 0.013 1122. 6,1 87fj9. 0,57 1072~ 1009. 7.6 7.1 738. 
5. 42.2 23618, 24. 7 25718 1 • 0.009 955. 5.2 8834. 0,42 783~ 783, 6,7 6.1 698. 
6 42.4 21471. 26.5 25804.9. 1).006 809, 4.4 8869~ 0.28 520. 56,. 5,7 . 5.1 654. , 
----7. 42.6 19715. 2B.1 258830. 0.003 702. 3.8 8902. 0.15 274~ 327. 4-.9 4.4 620. 
8. 43,5 . 18739, 29.7 259412- 0,001 631. 3,4 89 2b. .0,04 76~ 105. 4 . 1 4.0 600 • 
9. 46.2/':' 18153. 32.8 259597. 0.000 554. 3,0 8941 ! 'Q,OO 0; 0, 3,5 3.5 589. 0 
lV_40S.B 76. L 59,4 37026. 31.7 221123. 0.024 1168. 7,2 7567, 
~) '\ 
1960'; 1 a 00 1960. 12,5 8,4 32. 538, 882. 
0, 216248. 0.01.8 
1 , 53.6 1,5297. 19.4 2169,3. 0.045 2335. 15,1 7328. 1 .81 3900. 3222. 17,7 17.2 1013, 
2. 55.6 42130. 23.9 2183 1 3, .0.039 1761 . 11 .3 739O, 1 ~ 57 3318: 2847. 16.0 12.9 969. 
3. 51.3 39912. 27.3 219679. 0.033 1460. 9.3 7451. 1 .34 2777. 2487, ' 4 • 6 10.6 930. 
4. 59.0 3R32.1. 30.2 220961 . 0.02.7 1267. 7,9 7514. 1 .13 " 227B~ 2145. ., 3 . I" 9.2 892. 
5 • 60.2 3737.1, 32.2 22227A. 0.022 1160" 7.2 7579. O~91 1788. 1788. 1 ~. 4 8.3 R67, 
6, 60. 8 36111. 33. 8 223664. 0.016 1(1(,8, 6.5 7648, 0,67 1290. . 1 391 ~ 11 .2 ?,6 836. 
7. 61. 5 34211. 36.0 224979. 0.0 1 0 952. 5:8 7715. 0.44 827, 9B7, 9.9 . 6.7 804. 
8. 62.4 31676. 303.8 2261(,0. 0,005 817. 4.9 7776, 0,22 408 .~ 567. B .I. 5.7 767. 
9. 64. 6 28192. L3.6 226961 . 0.001 646, 3.9 7817~ 0,06 106. 205~ 6.8 4.5 723 . 
... 
30 wt. % water in ethyl ene 'glycoJ 
IV.406. B 77. L 61 .8 41193. 30.8 196R49. 0.034 1338, '8.1 ;252. 1 .37 191<;. 1919 : 11 ,3 9.2 28. 5'44. 1013. 
O. 189901. 0.068 
1 • 59,7 48627. 22. 8 190717. 0.064 2137, 13,8 6831. 2.50 3829 .~. .3164. 15.7 15.3 1164. 
2 . 60.8 4')703. 26.2 ~92394 . (1,056 1743. 11 , 1 691H. 2.19 3308; 283fl. 14,5 12.4 111 5 • 
3. 61 .6 43874. 25.5 194035, 0,0l.8 1541 . 9.7 7016. 1.89 2799, 2507, 13,4 1(1.8 1073. 
I. • 62.2 42412. 30.2 :95(,49. 0.040 1404, 8.7· 7129. 1 .59 230,. 2168. 12..3 9,8 1032. 
5 . 62.6 41315. 31 .4 ~9725(!. 0.032 1315, 8.0 7256, 1 .30 1822, 1822. 1 1 • 2. 9.0 999. 
6. 62.5 4-0218. 32.2 198P.7? 0.021.. 121.7 •. 7.4 7352. 1 • 00 1379, 1487. 10.3 8.5 960. 
? 62.1 38390. 33.2 21)05'15. 0.016 11'55. 6,8 7470, 0.69 9 31: 1110. 9 . 1 7.8 920. 
8.- 62.3 36196. 35.2 201Q3a. 0.009 1029. 5,9 7601. U,41 534~ 743~ 7,8 ~.8 881 • 
9, 63.2 34003. 37. 7 2031?1J. 0.003 9 n1 . 5.2 7674, 0.15 19 2-~ 370" • 6.6 6.0 853. 
'-l 
W 
. ~ hTP I hTP I " . ATov ATf GL X hTP ReL l/Xtt A' B' SG Hx ~y hTP J RN S n q hL hlT Chen 
-
--_._--- . 
IV.407.R 75. t. 49.3 34348. 23.5 214409. 0.026 1460. 8.1 7994, 1.08 145,., 1451 • 8.7 9.2' 26. 586. 937. O. 208{'50. 0.052 
1 • 47. 8 40976. 16.9 2n9ssA.. 0.048 2430. 14 ~ :3 7588. 1.90 2806. 2318, '12'.2 16.0 1076. ! 
. 2. 47.6 38867. 13.1.. 21115'. 0.041 2118. 12.2 7718, 1.63 2335, 200:5, '11 .0 13,8 1031 • l ! 3. 48.2 37361. 2li.1 2125~8. 0.035 1858. '10.6 78:S1. 1.40 1947. 1744,-:0.1 12.0 993, i 4 . 48.8 35854. 21 .9 21380l'. ().O29 1640. 9.2 7928. 1 ,17 1600, 1507, 9.3 1('\.5 953. . ; 5, 49.4 34950. 23.1 2151 64 . 0.023 1510. 8.4 8025. 0,95 1274.- 1274. 8,5 9,6 922, , 6. 49.8 34041. 24.2 216446, 0.017 1405. 7.7 8118, 0,72 956, 1030, 7.8 8,8 892. 
:---·7. 50.0 3284'1 . 25.4 217721. 0.011 1293. 7.0 8203. 0,49 644. 768, 7.0 8,1 858. 8, 50.2 29828. 27.9 218912. 0.006 1068. 5.8 8212, 0,27 349, 485~ ~ .• 9 . 6,6 80 8 • 9, 51 . 1 • 2.440 5 . 32.9 219812. 0.002 741, 4.0 8316, 0,09 111. 215, 4.4 4.6 731. 
i 
,'"S' . r \. III.40B.B 75. L 73.3 50006. 35.3 181069. 0.044 1416. 9,3 6611, 1.73 2488. 21.88. 14.6 10.4 31 , 582, 1101 • , 0, 1?28~6. 0.OR7 
1- 69.0 59531 . 23.3 1?3R01. 0.082 2557. 18.1 6142, 3,18 5137, 4245, 20.9 19.8 1256. 2. ?n~6 56198. 21.6 115~46. 0.011 2038. 14.2 6240. 2,77 4397. 3773. ,9.2 15, 1 1204. . 3, 71. a 5'3816. 3J.7 ~11832. 0.061 1751 . 12. n 6346, 2,37 3687. 3302, 17.7 13.3 1159. 4. 73.0 51911- 33.5 179732. 0.051 15,9. '10.4 6466. 2,00 3010; 2834. -:6.2 , 1 .6 1 1 19. 5 , 74.3 ·5(\1.83. 35.9 181566. o . 041 1406. 9.2 6602~ 1,63 237~. 2375, 14.7 10.4 1081 , 6. 75.1 49530. ~7. 5- 1R3t.'lS. 0.031 1321 . 8.5 6747, 1,27 1776. 1915. ~ 3.4 9.6 1049. 7. 75.5 46673. 40.2 .,85253. 0.021 1161 . 7,'3 6886 • 0.90 1221 • 1457. 11 . 7 8,3 1005. 8. 75.8 43339. 1..3 . 1 1810;)3. 0.012 1006. 6.2 6998. 0,54 717: 997. 1 u. 1 7.2 958. 9. 16.0 38516. 1.7 
.0 188592. 0.004 821 . 5.0 7086, 0,19 249, 481 • 8.2 5,8 90S. 
IV.409.B 75. L 42. 7 30364. 20.0 2241.63. 0.020 1 S1 7. 8.1 8415, 0.85 1125. 1125, 7 .. 9.2 23. 605. 878. o .) 0, 219839. 0.040 
1. 40.3 36631. 1 2 . 7 220439. 0.038 2883. 16.2 8032, 1 .51 2185 '. 1806. 10.2 18,3 1006. 2. 41 .2 351.68 14 5 2216 7 0. 0.032 2439 '13,4 81~5. 1 .31 181 b. 1559. 9 .• 3 15.2 973 3. 42,0 3 4 014-: 16 5 222874. 11.021 2()~5: 1 1 . 2 8289. 1 • 11 1510, 1353. 8 ,5 12. 7 93 7 : t. 42. 6 31979, 13 6 22 4053. 0.022 1711 .. 9.2 8375~ 0,92 1226, 1155. : 7 
• 7 10.5 89 t., I 
. 
5 , 1.2. 1 30526. 19 9 22 52'-8. f).011 1535. B.1 8453. 0,71 946. 946, 7 
· () 9.3 854. . 6. 42. 7 29363. 20. 1 226[.2.1. 0.012 1416. 7,5 852C:. 0,51 672. 725 6.3 8,6 818. , , 7. 42..9 28200. 21 .9 227511 . (1.001 1291 . 6.8 8582, 0,32 415. 496. 5.6 ·?,8 189. 8. 43.8 25583. 24.1 228391. 0.003 103f+. 5.4 8635. 0.15 197, 274. 4 - 6.2 . 146, · ( 9. 1.5. 8 21513. 29. 8 228925. 0.001 722. 3.1 8676. 0,04 53. 102, 3,6 4,3 683. 
'l 
l'-
5 .ATov ATt GL hTP ~ I hTP , / RN n q X ReL l/Xtt A' B' SG Hx !1y hTP L lllT Chen 
Iv.410. B 77, L 71.2 45172. 37.0 ,81536. 0.039 1220, 7,9 669lS. 1 ,55 2156, 2156. 12.9 8.9' 28· 496. 1056. 
O. 174244. 0.077 
1. 67.5 56133. 24. 5 .,75238. 0.072 2291 . 15,8 6283. 2~81 4287. 3542. 18.6 17.3 ' 1221 • 
2. 68.6 52 /.,3. 28.7 177202. 0.062 1829. 1 2, I. 6372. 2.41 3646. 3128. 1 7 ,0 13. A 1161 • 
3. 69.6 49529 . 32.0 ,79055. 0.052 1548. 10,4 6471 • 2,04 3035. 2718. 1 5. 5" 11 .6 1109. 
4. 70.4 1.7/.65. 34. 4 180RI,.S. 0.042 1379. 9.1 6586. , ,69 2443, 2301 • 1 4-.1 10.2 1066. 
5, 71 .2 45814. 36.'; 182561. f).033 1251.. 8.1 6712. 1 ,35' 189 1 ~. 1891 • 12.8 9.2 1027. 
6. 71 .8 43751 . 38.8 ~ 84232. 0.024 1128. 7.1 6844. 1 ,0' 1376~ 1/+84. 11 • 4 8.1 989. 
7. 72.S 41274. 4~ .4 ~85806. 0.016 997. 6.2 6965. 0,69 913. 1090. 10.0 7.1 943. 
8. 73.6 37147. 45. 7 187179. 0.009 813. 5.0 7057, 0,40 518. 720. 8.4 5.7 888. 
9. 75.1 33019, 50,5 188316. 0,003 654. 4.0 7124. 0,14 177. 343. 6 .8 4.6 837. 
'. 
60 wt.% water in ethylene glycol 
IV.411.B 80. L 64.7 50396, 26,2 173790, 0.044 1925. 8.6 9380. 1 ,78 149 4~ 1494, 8.5 9.3 24. 562. 1460. 
O. 16577 5, O.ORB , I 1 • 61 ,9 61354. 14,5 "668~7 . 0.OA2 4233. 20,2 8717. 3,24 277CJ, 22~8,11.5 21.1 1731 • 2 • 62,9 56809. 19 ,2 '168945 .. 0.0 71 2966. 13. R 8943, 2,AO 2371 • 2034,10,4 1 t.. • 6 1650. l" 3. 63,7 54537. 21 . 8 170Q41. , 0,01i0 2501 . 11 .5 9105, 2,38 2008; 1798, 9.7 12.2 1571 • 
4, 64.3 51810. 24, (., 172883. (') . (1I.9 2107, 9,6 92 l.4, 1 ,97 1662. 1564, 8.9 10.3 1t.87. 
5. 64. 6 50447, 26./) 17478/'!. 0.039 1937. 8.7 9 3~9, 1 ,57 1324. 132 /1. 8.3 9.4 1424, , 
6. 65.0 t..9 (l83, 27,5 1766 1 7. 0.029 1782. 7.9 9547. 1 .19 99!>. '1073. 7,6 8.6 1357. 
7. 65,5 47266, 29,4 '178381. 0.019 1606. 7.'0 9718, 0,81 675. 805. ' 6,9 7.7 1305. 
8. 66,1 43630. 33.0 1 ROO1S, 0.010 1323. 5 .7 9868. 0,45 373. 518. , 5.9 6.3 1238. 
9. 67.9 3863(1. 38 . 7 181290. 0.003 999. 4,2 9993, 0, , I. 120. 232 ••. 4,7 4 • 7 116('. 
IV.412.1J 80. L 78.4 61788. 31).7 155932. 0.062 2010. 9.9 8371. 2.46 2071. 2071. 1'1 .2 10.5 26. 589. 1607. 
O. 145616. 0.124 
1 . 77 7 73495 2n 2 146')66. 0 116 3646 19 4 760'1. 4.55 3908. 3229. 14. ? 19.8 1902. I, 2. 78: 1 69383: 24.1 149629. 0.100 2877: 15.0 71:S12. 3.92 3348. 2872. 13,7 15.4 1 811 , 
I 3. 78.3 657R6. 27.3 152197, 0.085 2412. 12,3 7995. 3.32 2826. 2530. ~ 2.. 7 12.9 1722. 
4. 78.2 63730. 23.9 ., 5 46~ n . 0.07 0 2205. 11 , 1 81 7ti • 2.74 2330~ 219/+. 'i 1 .8 11 .7 1638 . 
. S. 78 
. 1 62185. 3,) • 1 ~S7113. 0.055 206~. 10.2 ~3S5. 2,19 1853, 1853. 11 . () 10.9 1566. 
6. 77.9 GC'132. 31 ,5 ~ 59 ft.? 5 . 0.041 1907 . 9.2 8574. , .65 1386, 1495. 1 0. 1 9,9 11.94-. 
7. 77.7 57562. 33.4 161733. 0.027 1723. 8. 1 880(.. 1 • , 2 938~ 1 1 19, 9, I) 8.9 1422. 
8. 7R,5 53965. 37 .2 ~637;t3. 0.015 14-5 () • 6.7 9013. 0,65 54 Cl. 751- 7,8 7.4 13f.6. 
9, 8(1.5 49 853. 4:2.5 ',65461 •. (l.ons 1173. 5.3 91!.l5, 0.23 19(). 367. 6 .5 5.9 131 3. 
'-l 
<J1 
RN S n ATov 9 ATf GL X hTP hTP l/Xtt A' H' I hTP I 
,. ReL SG Hx Hy hTP hL hjJ" Chen 
-
-Iv.413. B 80. L 55.2 41739. 23.6 1nL.R5~. 0.037 1771 . 7.4 10157. 4,72 3923. 3923, 1 u. 0 8.0 10. 510. 2209. O. 1?7A32. 0.073 
1 • 55.0 48080. 13.3 -1787'71 _ O.O~B 21,33. 11 .6 9588. _B.5? 7169. 5924. 13.7 12.2 2915. 2. 54.8 45734. 2t'\.O 180s9n. 0.059 2Z90. 9.9 9751 •• 7.38 6190. 5311 • ~ 2 . 6 10.6 2717. 3. 54. 7 43780. 21 .4 182312. 0.050 201.2. 8.8 9885. 6.31 5279. 4728. I 1 .6 9.4- 2510. 4. 54.9 4-2998. 22.2 '! 830 I. 3. 0.01.1 1937. 8.2 99'.)7. 5,29 442 () .' 4162. 10.7 8.9 2311'). 5 • 55.0 42607. 22.7 185551. 0.033 1881 . 7.9 10132. 4.28 3569. 3569. 9,8 8.6 2121 • 6. 55.0 42216. 2) 9 ~87177. 0.024 1842. 7.6 10301. 3.25 270(1. 2912 0, 8. 0 8.3 1920. -. 1 . 55.2 40262. 2L.. 7 1~87':1. 0,016 1631 . 6. 7 10467. 2.26 1871 , 2232. 7,6 7 ,3 172'3. 8. 55.6 31917. 27.0 " 9012lt.. 0.009 1406. 5.7 10612, 1 ,32 1087. 1512. 6.2 6.3 1543. 
1-
9. 56.3 32053. 32.2- 191341. 0.003 996. 4.0 10731 • 0,45 370. 715. 4-,4 1..1. 131.9. 
i 
I IV.414.B 77, L 86.2 68566. 32.9 149245. 0.073 20R5. 10.7 7'J37, 2,88 2437, 2437, 12.8 11 .3 28, 615. 1688. O. 1371.71.. o . 11.6 
1 • 86.1 7896B. 24.0 139n()~. n.13? 3295. 18.7 7057, 5.38 4671.; 3862,16.8 18.7 196H. 2. 85.9 78331 . 21..3 14204-5. .1) • 11 8 3218. 17.8 7260. 4,62 3995. 3428,16,0 1 R .1 1889. 3. 86.1 74510. 27.8 11..4951.. 0,100 2.685 • 14.5 7465. 3.90 3363. 3012,14.8 15.0 1799, 4. 86.0 71326. 3') 4 -'!47?1i1. O.oa2 23 48. 1 2. I. 7685. 3,23 2767, 2605.13.7 13.0 1720. 5 • 85. 9 70052. 31 . I. 1t;0482. 0.065 2233. 11 .5 7923, 2,59 2200. ' 2200. ~2,a 12.2 1654. 6, 86.1 6 8 142. 33.1 '1 531 \14.. 0.049 2.056. 10.3 8186, 1.97 1661 ~ 1792. 1 1 • 7 ., 1 • n 158R • 7. 86.1 64957. 35.8 1'i56SS. 0.033 1 811. • 8.·S 8453. 1 ,37 1145. 1361>, 
.0.5 9.6 1518. 8. 86.3 59863. 1.0.2 158{)~5. O,O~9 11.88. 7.1 8689, 0,80 666. 926, 9,0 7.R 1429. 9. 86.7 5(1947. 47.9 160(172.. 0.006 1064. 5.0 8893. 0,28 231 , 447, 7.0 5.5 1329. 
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.5 .2 PRESSURE FLUCTUATION RESULTS . 
In the operation of the reboi1er, f1uctuating f10w was 
'found to occur. It was recorded by taking traces of the 
variations in the static pressure at the in1et to the 
reboi1er test section. Some representative traces are 
given in Figs • .5.2.1, .5.2.2 and .5.2.3, and data 
re1ating the intensity of f1uctuation to various 
operating parameters are given in Tab1es .5.2.1 to .5.2.4, 
and in Figs • .5.2.4 to .5.2.9. 
A trace of the amp1itude ~ainst time of the f1uctuation 
in pressure resemb1es a sinusoipa1 curve. At 10w heat 
f1ux, this curve is very irregu1ar and with increasing 
heat f1ux, the curve assumes a more regu1ar shape. 
Superimposed on this curve is a vibration of very high 
frequency and 10w amp1itude. This type of 10w 
amp1itude and high frequency vibration was observed, 
even without heat input, when it must have been caused 
by the genera1 vibration in th~ 1aboratory. This type 
of vibration is referred to as 'noise.' 
It is usua1 to describe the intensity of f1uctuation in 
terms of frequency and amp1itude of the f1uctuations. 
One of the most effective operating variab1e in causing 
these f1uctuations is the heat f1ux. Genera11y an 
increase in heat f1ux incre~ses the frequency and a1so 
the amp1itude. This can be seen in Figs • .5.2.4 and 
.5.2 • .5. The reason for this is that increasing the heat 
. . 
. -_._------,-:--------------_ .. _-,-----_... ."--'--"." "'-"-.. ,-- .... .. 
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flux increases the vapour quality and hence the 
compressible volume present in the two-phase flow 
system. This agrees with the findings of other workers 
.. ( 71, 2:3 and 24). 
The analysis of the experimental data ,on fluctuations 
also shows that the frequency of vibration decreases 
with incr,easing mass flow rate, with the other para-
meters kept constant, as illustrated in Fig. 5.2.6. 
This agrees with the results of Veziroglu and Samuel (22), 
and Neal and Zivi (54). This could be explained by 
noting that the higher inertia of the flowing liquid is 
more likely to prevent any reversal in the flow.· Thus 
the higher velocity acts as a stabilising factor. Also 
higher liquid flow rates, at the same heat fluxes, 
/-
give lower vapour quality, and. this has a stabilising 
" 
effect if the resulting flow regime approaches a type 
of bubbly flow. 
In Fig. 5.2.7, the relationship between the amplitude 
of fluctuation and submergence for several runs of 
approximately the same heat flux is shown. At' the 
lowest values of submergence, the amplitude has the 
.. 
lowest value. This could be interpreted as being due 
to a type of annular flow being present. At the highest 
values of submergence, the amplitude tends to decrease, 
probably\because of low quality of the two-phase 
.. ' . . 
mixture resulting in a bubbly type of flow. 
amplitude coincides with 60-70% submergence. 
'. 
The maximum 
The 
--------------------------------------
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experimental observations from the previously operated 
glass tube reboiler (refs. 27 and 28) indicate that, 
at these submergences, the flow is mostly slug-churn 
',type, giving the most unstable kind of flow. 
The most useful observation in connection with this 
. , . 
work, was to find the relationship between the frequency 
.' 
'of fluctuation and the tube diameter. From Figs. 5.2.8 
and 5.2.9, it can be seen that the frequ~ncy of 
fluctuation is always higher for the six-compartment 
tube III of 0.5" I.D., than for the nine-compartmen,t 
tube IV of 0.872 11 I.D., at the same heat flux and mass 
flux. This conclusion is ·illustrated by the traces, 
Fig. 5.2.3, which in addition show that the amplitude 
is also lower for the larger diameter tube. It is 
obvious that the diameter of the tube is one of the 
factors governing the stability of flow and therefore 
it should be considered. as an important parameter in 
the heat transfer to boiling liquids in natural 
circulation reboilers • 
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Fig.~2j Nine-compartment tube,w'ter 
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Fig.5.2.2 Six-compartment tube Iwater 
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Fig. 5.2.3 Six and nine compart.ment tUbes J 60% water in 
ethyl e~.!glycol 
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Fig,. 5.2.4 Varia.tion pf the amplitude ~f pressure 
fluc~uat1on with the length-mean heat flux. 
Tables 5.2.1 and' 5.2.2 
Water 
All submergenecs. 
a Nine-oompartment tube,O .872"I .D •• this work 
)( Six-oompart.ment. tube,O.5"I.D.athis work 
o@ Six-oompartment.. tuhe,O.5"I.n.,ref.(29) 
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Fig. 5.2.6 Frequency vs length-mean value of the liquid phase 
mass floW' rate. 
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Heat flux = 55000 Btu/hl'.ft2 
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Fig. 5.2,7 Effect, of submergence on the amplitude of 
pressure fluctuation at approximately same 
heat flux. Table 5.2.2 
Water. 
Nine-compartment tube IV. 
Heat flux range.55,OOo-65,OOO Btu/hr.ft 2 
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Frequency-liquid phase length-mean mass 
flux and diameter relationship at the 
same heat flux. Tables 5.2.1 and 5.2.2 
Water 
2 
Heat flux: 55000 Btu/hr. ft 
G Nine-compartment tube, I. D. = 0.812" 
x Six-compart.ment. tube, I. D. = 0.5" 
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Frequency-liquid phase length-mean mass 
flux and diameter relationship at the 
. 
same heat flux. Tables 5.2.1 and 5.2.2 
Water 
2 
lie at flux = ,65000 Rtu/hr.ft 
<:> Nine-compartment. tube,I. D. : 0.872" 
)( Six-oompartment tub.e,I.D. = 0.5" 
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Explanation of the notation in"Tables 5.2.1 to ~.2.4 
RN 
S 
C 
Xo 
Av. Ampl. 
Av. Freq. 
Class 
Run Number 
% Submergence 
Nominal concentration of water in 
ethylene glycol 
Length-mean film temperature difference 
Length-mean heat flux based on inside 
tube area 
Length-mean liquid phase mass flux 
= G(1 - Xav.) 
Length-mean liquid phase mass flow rate 
= W(1 - Xav.) 
Exit vapour quality 
Average amplitude 
Average frequency 
Type of pressure fluctuation r 
lit. % 
of 
2 Btu/hr ft 
lb/hr ft2 
lb/hr 
191 
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Pressure Fluctuation Results 
Tab 1 e 52,1 Six-Compartment tube : water 
Length-mean values Av. Av. 
RN S 
~Xl0-3 Ampl. Freq. Class ~Tf q WL X lb/in2 Hz 0 
III .1.\" 100 27.2 52746 208 283 10 0.9 0.85 Cyclic 
III.2.W 100 24.3 30377 322 439 3.9 Noise 
III.3.W 88 14.8 18743 336 459 - 2.4 Noise 
III.4.w 88 17.2 23663 337 460 2.8 Noise 
III.7.'of 100 24.11: 39532 269 367 5.9 Noise 
III.8.l" 100 30.1 49804 238 325 8.2 0.75 0.8 Cyclic 
III.9.W 100 2 /1:.9 40359 260 355 6.2 Noise 
III.l0.W 100 27.1 46931 230 ·315 8 0.64 0.93 Cyclic 
III.l1.W 96 22.7 29646 322 439 3.6 Noise 
III.12.\{ 100 24.1 40945 261 357 6.1 Noise 
III.14.1{ 100 26.3 59080 190 259 11.8 0.9 0.87 Cyclic 
III.15.W 80 28.7 53508 169 231 11.9 0.94 0.86 Cyclic 
III.16.W 100 25.9 68931 169 231 15.2 1.32 1.37 Cyclic 
Ill.18.w 100 25.9 69022 167 229 15.4 1.13 1.31 Cyclic 
Ill.19.l{ 100 27 77579 143 195 19.8 1.58 1.44 Cyclic 
III.21.1{ 96 21.2 30118 304 415 4 Noise 
III.22.W 98 23.9 54261-1: 192 26~ 10.8 0.98 0.91 Cyclic 
IlI.23.W 98 25.5 83263 127 173 23.5 1.54 1.37 Cyclic 
hI.24.w 82 16 23061 268 366 3.7 Noise 
IlI.26.l{ 100 27.3 71724 160 219 16.7 1.43 1.14 Cyclic 
IlI.27.W 101 24.2 45411 244 334 7.4 0.45 0.59 Cyclic 
IlI.28.w 100 22.8 49389 220 300 8.9 0.53 0.71 Cyclic 
III.29.W 99 29.1 62051 186 255 12.7 1.13 1.04 Cyclic 
IlI.30.W 70 26.5 42328 184 252 9.1 0.85 1 Cyclic 
IlI.33.W 100 21.6 36260 300 409 5 Noise 
Ill.34.w 100 22.5 45480 245 334 7.3 0.49 0.86 Cyclic 
IlI.35.W 100 16.5 34890 317 432 4.5 Noise 
III.36.w 100 25.1 . 49011 222 303 8.9 0.79 0.84 Cyclic 
IlI.37.W 100 27.1 55348 216 295 10.2 1.02 0.93 Cyclic 
IlI.38.1{ 70 32.6. 50533 158 216 12 0.83 1.07 Cyclic 
III.39.W 100 11.1 28846 373 510 3.2 Noise 
Ill.40.w 100 9.7 21527 423 577 2.1 '- Noise III • .i;1.1{ 100 9.5 191/1:6 395 539 2.2 Noise 
III.42.\o1 100 16.5 32931 327 446 Il:e 1 Noise 
IlI.43.1{ 100 25.8 42344 269 367 6.4 0.6 0.78 Cyclic 
IlI.44.w 100 30.9 51394 234 319 8.9 0.86 0.87 Cyclic 
IlI.45.l1 81 30.7 56144 180 246 12 1.05 0.98 Cyclic 
IlI.46.w 100 18.6 43079 277 378 6.4 Noise 
IlI.47.W 100 12.9 28016 376 514 3.2 Noise 
IlI..48.W 100 24.4 36173 286 391 5.2 Noise 
IlI.49.\{ 100 32.5 62097 211 288 11.4 1.09 1.12 Cyclic 
III.50.1{ 70 20.3 33573 206 281 ':6.6 0.41 1.04 Cyclic 
IlI.51.W 70 24.7 36524 199 271 7.4 0.51 1.09 Cyclic 
IlI.52.W 60 25.5 36485 157 214 8.4 0.6 0.63 Cyclic 
IlI.53.W 60 26.2 43909 161 220 10.6 0.71 0.87 Cyclic 
III.54.w 60 30.9 49184 144 197 12.6 0.86 0.92 Cyclic 
III.55.W 61 19 32052 176 240 7.3 0.376 1 Cyclic 
,. 4_._ .... ~ -~---.~ ... !'---_, _____ .J-,-.. 
---- -_. - ..... ,.- .--.. -
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Length-mean values Av. Av. RN S Ampl. 
~Xl0-3 Ib/in2 
Freq. Class 
AT q lIL X Hz f , 0 
IlI.56.w 60 16.3 26066 196 267 5.5 Noise 
IlI.57.W 60 12.7 17708 212 290 3.5 Noise 
Ill.58.if 60 34.4 55225 123 168 16.5 0.81 0.85 Cyclic 
IlI.59.W 69 35.6 62082 131 178 17.6 1.17 1.0 Cyclic 
IlI.60.w 60 32.9 63795 119 163 19.5 1.17 1.3 Cyclic 
llI.61.W 61 33.6 55698 132 181 15.5 0.68 0.92 Cyclic 
llI.62.W 80 17.7 34064 233 318 6.2 Noise 
Ill.63.W 80 25.3 IJ/i071 209 286 8.3 0.56 0.92 Cyclic 
III.64.1{ 79 23.1 38968 214 292 7.3 0.43 1.04 Cyclic 
III.65.1{ 79 16.8 24004 283 386 3.6 Noise 
, III.66.w 76 8.9 21162 302 412 2.9 Noise 
III.67.lf 60 35.5 63710 113 155 20.4 1.32 1.07 Cyclic 
, III.68.W 63 13.3 22657 220 301 4.1 Noise 
III.69.1f 60 28.1 44593 152 208 '11.2 0.53 0.92 Cyclic 
III.70.i{ 58 29.4 48723 142 194 13 0.75 0.85 Cyclic 
III.71.lf 40 29.7 48787 98 134 18.1 0.75 0.95 Cyclic 
III.72.l{ 42 28.2 41174 104 111-2 14.5 0.41' 0.88 Cyclic 
III.73.W 40 23 29594 99 135 11.3 Noise 
III.74.w 44 19.2 24781 120 164 8 Noise 
III.75.1{ 42 14.1 14854 114 156 5.2 
-
Noise 
III.76.1., 36 32 53757 77 105 24.7 0.68 0.92 Cyclic 
III.77.W 40 33.8 57084 77 106 25.7 0.73 0.9 Cyclic 
III.78.1{ 39 36.7 65808 58 79 37 0.98 0.86 Cyclic 
III.79.W 37 36.8 65320 43 59 46.6 1.13 1.1 Cyclic 
III.80.W BO 33.1 64105 154 211 15.7 1.24 1.22 Cyclic 
III.Bl.'" 80 35.6 67624 143 195 17.6 1.35 1.3 Cyclic' 
IlI.B2.l{ 104 34 65153 194 265 13 1.24 1.28 Cyclic 
IlI.83.\{ 100 34.7 67623 193 263 13.5 1.24 1.31 Cyclic 
IlI.84.w 100 30.6 60606 202 276 11.7 1.24 1.22 Cy~lic 
Ill'.85.W 100 29.3 56132 214 292 10.4 0.75 O.B Cyclic 
III.B6.l{ 100 23 44837 250 341 7.3 0.41 1.24 Cyclic 
III.B7.lf 80 8.4 19139 320 436 2.4 'Noise 
IlI.BB.\{ Bo 22.7 37294 228 311 6.6 0.45 0.93 Cyclic 
IlI.89.1{ 40 26.1 34694 '93 127 13.9 0.36 0.87 Cyclic 
III.90.W 60 30.B 54011 133 182 14.9 0.71 0.86 Cyclic 
IlI.91.1{ 41 32.2 53287 91 125 20.9 0.79 0.B3 Cyclic 
III.92.1I 40 34.6 60700 66 91 30.7 0.B5 1.03 Cyclic 
III.93.1{ 50 37.4 64946 8B 121 25.B 1.28 1.43 Cyclic 
III.94.w 100 17.4 35249 323 l1-I1-1 4.5 Noise 
III.95.W 93 lB.3 34498 323 442 ' 4.4 Noise 
III.96,.W 100 14.7 30683 354 483 3.5 Noise 
III.97.W 70 40 63884 142 194 16.3 0.B3 1.11 Cyclic 
Ill.98.w Bo '3B.l 66314 157 214 15.7 1.2 1.44 Cyclic 
III.99.W 60 3B.9 66954 110 150 21.8 1.35 1.18 Cyclic 
III.l00.W 60 41.2 64821 112 153 20.6 1.36 1.06 Cyclic 
III.l0l.1{ 41 41.5 67720 59 Bo 37.4 1.47 1.38 Cyclic 
III.l02.1{ 79 41.8 67624 157 214 16.1 1.43 1.27 Cyclic 
IlI.l03.W 100 38.2 70321 169 231 15.6 1.47 1.,14 Cyclic 
III.l04.w 58 39.4 69442 103 140 23.8 1.43 1.41 Cyclic 
III.l06.w 80 25.8 41070 201' 275 7.B Noise 
__ ~ ___ -_'.~_"",,"-, ____ ...... __ - _._~. ..~. __ ·.··~_~ .. v_ 
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Length-mean values Av •. Av. 
RN S 
. ~Xl0-.3 X Ampl·2 Freq. Class 0 ATf q WL lb/in Hz 
IIl.l07.l{ 74 .30.8 57586 1.38 189 15.5 0.75 0.93 Cyclic 
IlI.l08.W 69 35.9 554/*.3 136 185 14.7 0.64 0.98 Cyclic 
IIl.110.W 68 31.7 53854 13.3 181 15.1 0.75 1.08 Cyclic 
IlI.l11.l{ 55 .31.7 5/*233 105 143 18.8 0.76 0.96 Cyclic 
IIl.112.W 67 .3.3.5 56672 127 174 16.5 0.75 0.87 Cyclic 
IIl.113.l{ 47 32.7 51511 88 120 21.1 0.64 1.04 Cyclic 
Ili:.114.w 40 .32 52149 74 101 24;6' 0.66 1.14 Cyclic 
Ill. 115.l{ 52 .33.5 50575 97 1.3.3 18.6 0.51 0.9 Cyclic 
IlI.116.w 71 28.9 49058 151 207 12.4 0.49 0.96 Cyclic 
IlI.198.\{ 100 2.3.8 l.l:8631 220 300 8.6 Noise 
IIl.199.W 82 25.3 47523 167 228 11 0.71 0.89 Cyclic 
IIl.200.W 90 17.9 38487 '253 .345 6 Noise 
IlI.201.W 100 11.8?- 26578 375 512 3 Noise 
IlI.203.\{ 80 11.l.i: ,; 18125 330 451 2.3 Noise 
II I. 20'*- l{ 60 .' 12.9 17485 211 288 3.3 Noise 
IIl.205.l{ 40 15.3 16259 105 143 6.2 ,- Noise 
IlI.206.lf 100 26.8 . 58912 176 240 12.8 0.9 1.02 Cyclic 
IlI.207.\{ 80 27.7 55l.l:68 1/.1:5· 198 14.5 0.86 1.03 Cyclic 
III.208.l{ 45 29.8 54791 80 109 24.3 0.71 0.91. Cyclic 
III.209.\{ 100 29.6 69360 143 196 18 1.24 1.14 Cyclic 
III.210.l{ 60 32~4 67883 81 '111 28.6 1.02 0.96 Cyclic 
III.211.W 42 32.2 68879 41 55 50.5 0.75 0.84 Cyclic 
IlI.212.W .37 19.5 22628 48 65 17 Noise 
Six-compartment tube : water 
Ref: diMontegnacco (29) 
Length-mean val,ues Av. Av. 
RN S ~X10-.3 X AmPl·2 Freq. Class 0 ATf q WL lb/in Hz 
M{16 100 16.8 104287 62 84.3 50.9 1.611 1.32 Cyclic 
Nlf15 98 17.7 84672 95 130 30.6 1.74 1.33 Cyclic 
MI13 96 17.9 56100 158 216 13.8 1~21 1.36 Cyclic 
Mll0 95 14.5 36043 242 330 6.2 0.54 12 Noise 
Nlf17 67 22.3 98774 .38 52 67.9 1.46 1.11 Cyclic 
Nlf18 68 17.9 86676 59 81 45.3 1.56 1.21 Cyclic 
Nlf19 6<) 16~ 6.; ... 59366 104 14.3 20.8 1.25 1.18 Cyclic 
NW20 6<) 12.6 39860 156 212 10.1 0.44 12 Noise 
\ 
J 
r------------------------------------
195 
Pressure Fluctuation' Results 
Tab le 5.2.2 Ni"ne-compartment tube : water 
Length-mean values Av. Av. 
RN S Ampl. 
<\,Xl0-3 
X 
Ib/in2 . 
Freq. Class 
ATf WL 
0 Hz q 
IV:,306•w 80 23.3 73014 230 95'* 10.8 1.8 0.77 Cyclic 
IV.307.W 68 19.6 54'*77 226 938 8.3' . 1.09 0.59 Cyclic 
IV.308.W 52 23.6 55938 191 793 9.8 1.3 0.66 Cyclic 
IV.309.W 88 18.,* 57222 .320 1327 5.9 1.2 0.52 Cyclic 
IV.310.W 62 17.6 '*7782 226 936 7.1 0.9 0.6 Cyclic 
IV.311.W 87 17.7 49214 341 1412 '*.7 0.68 0.44 Cyclic 
IV.312.W 40 18.3 57355 1'*6 60'* 12.7 0.9'* 0.75 Cyclic 
IV.313.1f 30 22.8 5/.1:'*88 . 104 429 16.9 0.79 0.66 Cyclic 
IV.31'*.W 78 26.5 . 54789 274 1135 7.1 0.94 0.57 Cyclic 
IV.315.W 50 24 58960 180 745 10.9 0.94 0.7 Cyclic 
IV.316.W 100 25.9 46827 370 1532 4.8 0.87 0.49 Cyclic 
IV.317.W 80 23 35089 320 1327 4.1 Noise 
IV.318.w 60 23.2 36/.1:75 222 919 5.7 0.6 0.46 Cyclic 
IV.319.W 102 28.8 62717 221 1332 7.1 1.1 0.62 Cyclic 
IV.320.W 62 27.9, 64934 198 821· 11.1 1.05 0.72 Cyclic 
IV.321.W '*9 29 65881 150 .622 1,*.4 0.98 0.75 Cyclic 
IV.322~W 100 29.3 64660 307 1273 7.3 0.9 0.6 Cyclic 
.IV.323.W 97 28 i.l9734 343 1421 5.4 0.6/% 0.51 .. Cyclic 
IV.32~.W 95 32.7 72271 306 1267 8.2 1.39 0.69 Cyclic 
IV.325.1f 52 29.7 74220 152 :630 15.8 1.39 0.75 Cyclic 
IV.326.w 35 33.6 73633 90 375 24.7 1.02 0.71 Cyclic 
IV.327.W 75 31.3 72982 214 888 11.5 1.35 0.7 Cyclic 
IV.328.W 69 23.6 37066 259 1075 5.1 0.'* 0.42 Cyclic 
IV.329.W 85 2'*.3 38527 332 1378 . 4.3 Noise 
IV.330.W 93 26.8 53444 322 1334 6 0.66 0.54 Cyclic 
IV.331.W . 62 26.3 55735 . 193 800 9.8 0.85 0.6 Cyclic 
IV.332.W .100 23.3 28666 459 1901 2.7 Noise 
IV.333.W 62 20.3 6235~ 191 792 10.9 1.13 0.69 Cyclic 
IV.334.w 100 26.5 37988 431 . 1786 3.6 Noise 
IV.335.W 97 13.7 19407 539 2234 1.5 Noise 
IV.336.w 59 18.3 17504 210 868 3 Noise 
IV.337.W 79 20 1'*208 356 1478 1.6 Noise 
IV.338.w 68 22.9 43676 259 1073 6.1 0~51 0.53 Cyclic 
IV.339.W 60 25 1i2013 210 870 7 0.3'* 0.'*5 Cyclic 
IV.3'*0.W 60 25.3 38876 197 819 6.9 0.45 0.43 Cyclic 
IV.341.W . 40 24.7 40841 93 387 14.1 Noise 
IV.342~W 100 31.2 72816 259 1073 9.9 1.5 0.68' Cyclic 
IV.343.\f 60 )0.6 77563 168 695 15 1.39 0.76 Cyclic 
IV. 344.li 100 28.8 /57610 315 1307 3.2 0.79 0.53 Cyclic 
IV.345.W 61 29.9~7624 173 716 11.1 0.9 0.55 Cyclic 
IV.346.w 60 27.7 64492 183 759 11.8 1.05 0.69 Cyclic 
IV.347~W 100 29;1 60875 281 1167 7.7 0.86 0.56 Cyclic 
IV.348.W 99 18~9 28232 491 2035 2.1 Noise 
IV. 349.W JiO 22.4 25195 226 938 4.2 Noise 
....... .-., ,- - ........ ". '.~~' ,~-." ..... - ...... Co".~ ~.". - •• '_ •• -. • " •• _ • .....,.. " __ .," .... ~., • ---------------~-------~.~.~.~ 
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Length-mean values Av. Av. 
RN s ~X10-3 X Ampl·2 Freq. Class 0 AT! q WL lb/in Hz 
IV.350.\{ 99 11.5 14601 526 2180 1.2 
-"" 
Noise_ 
. " , 
IV .351. \{ 61 ·14 13329 239 989 2.3 Noise 
IV.352.\i 60 28.5 89656 143 592 20 1.77 0.8 Cyclic 
IV.353.lY 60 20.1 37648 216 897 6 0.3 0.41 Cyclic 
IV. 35l.l:.\{ 80 23.4 32030 315 1307 3.7 Noise 
IV.355.\{ 78 22.4 44308 243 1006 6.3 Noise 
IV.356.\{ 78 25.7 5 /1:185 248 1028 7.8 0.6 0.5/1: Cyclic 
IV~357.W 42 26.2 54769 110 457 16 0.6 0.64- Cyclic 
IV.358.\i 20 29.2 54662 20 81 64.5 0.5 1.19 Cyclic 
IV.359.W 30 28.6 54276 68 281 24.2 0.5 0.65 Cyclic 
IV.36o.w 41 28.8 62785 105 437 19 0.75 0.65 Cyclic 
IV.361.1i 50 28 64937 123 510 16.9 0.7 0.69 Cyclic 
IV.362.1i 80 27.9 64178 220 912 10.1 0.75 0.66 Cyclic 
IV.363.W 91 29.4 62117 254 1053 8.6 0.66 0.54 Cyclic 
IV.364.w 68 28.6 63714 181 752 11.7 0.71 0.64 Cyclic 
IV.365.W 88 19.1 27307 393 1628 2.8 Noise 
IV.366.w 48 21.7 27353 151 627 6.3 Noise 
IV.367.W 61 33.7 70769 166 690 13.9 1.2 0.73 Cyclic 
IV.368.w 77 32.7 691.1:31 211 875 11.1 1.02 0.71 Cyclic 
IV.369.W 33 32.8 71134- 71 295 29.5 0.86 0.68 Cyclic 
IV.370.W 22 31.8 54415 48 197 32.8 Noise 
Table 5.2.3 Six-compartment tube III: water-ethylene glycol mixtures 
Length-mean values 
C 
-3 RN wt. ~ S 
.c1Tf' q Gr. x10 Wate:r WL Xo Av Av. 
Amp1· 2 Freq. Class 1b7in Hz 
III.170.B 30 65 18.3 16550 116 158 5.4 
- -
Noise 
III.171.B 30 20 19.7 12369 37 50 12.3 1.09 1.28 Cyclic 
III.172.B 30 40 19.3 16656 75 102 8.5 1.18 0.84 Cyclic 
III.173.B 40 100 20.0 26722 185 253 5.8 0.79 1.56 Cyclic 
III.174.B 40 100 22 35450 150 205 9.4 1.09 1.17 Cyclic 
III.175.B 40 80 23.8 35086 108 148 12.4 1.13 1.24 Cyc~ic 
III.176.B 40 64 24.9 33654 85 116 14.8 1.43 1.25 Cyclic 
III.177.B 40 1100 26.4 42767 113 154 14.2 1.54 1.28 Cyclic 
III.178.B 40 80 28.1 41243 88 ·120 17.2 1.62 1.21 Cyclic 
III.179.B 40 60 30.1 39371 74 100 19.2 1. 5 1.33 Cyclic 
III .180.B 40 35 31·3 34022 46 63 25.6 1.13 1. 4 Cyclic 
III.181.B 40 62 24.8 32947 83 
, 
113 14.8 1. 2 1. 1 Cyclic 
III.182.B 40 37 27.1 29810 51 70 20.8 1.13 1.25 Cyclic 
III.183.B 40 80 19 27931 122 167 8.9 1.28 0.83 Cyclic 
III.184.B 40 64 21.4 27095 91 125 11.3 1.39 1.02 Cyclic 
III.185.B 40 37 20.2 22050 60 82 13.5 1.05 1.04 Cyclic III.186.B 40 P.OO 28.3 48370 105 143 17.2 1.65 1. 3 Cyclic III.187.B 40 80 30.7 46293 87 119 19.3 1.69 1.44 Cyclic III.188.B 40 59 31.6 42213 71 96 21.5 1.62 1.42 .' Cyclic 
III.189.B 40 43 33.4 39642 50 69 27.1 1.47 1.43 Cyclic 
Table 5.2.3 Six-compartment tube Ill: water-ethylene glycol mixtures 
Length-mean values 
RN C ~ x10-3 Wt.% S ~T:f' q WL Xo Av. Av. Water Amp1. Freq. 
.'- 1b/in2 Hz , 
I 
III.19'O.B 60 100 24.1 47961 115 156 15.7 1.54 1.39 
III.191.B 60 100 27.4 40635 137 187 11.6 1. 0 1.17 
III.192.B 60 78 19.9 39814 -,. \ 100 137 14.9 1.05 1.15 
III.193.B 60 60 20.6 35521 78 106 16.9 1.13 1.24 
III.194.B 60 60 24.2 47239 54 74 29.6 1.37 1.59 
III.195.B 60 40 27.2 44307 '37 50 '39 1.58 1. 6 
III.196.B 60 40 22.7 .36667 49 67 25.9 1.09 1.35 
III.197.B 60 80 22 47382 .78 106 21.8 1.47 1.42 
III.213.B 9.0 100 13.8 33683 156 213 8.7 0.98 1. 0 
III.214.B 90 80 14.1 34840 96 131 13.9 1.11 1.22 
Ill.215.B 90 95 20.7 63415 61 83 34.7 2.22 1.53 
Ill.217.B 95 9,4 14 39963 129 176 11.7 1.62 1.23 
Ill.219.B 95 48 14.7 36051 66 90 19.8 1.13 1.23 
Ill.220.B 95 98 14 37802 139 190 10.7 1.28 1. 4 
IIl.221.B 95 87 19.1 52438 107 146 17.7 2.11 1. 4 
Ill.258.B 30 61 26.1 30545 93 127 12.2 1.32 0.96 
IlI.259.B 30 40 28.9 28125 64 87 16 1.09 1.13 
IIl.260.B 30 100 18.3 26962 170 232 6.4 1.35 0.89 
IlI.261.B 20 80 16.6 16253 174 237 3.5 
- -Ill.262.B 20 82 24 20377 160 218 4.2 
- -Ill~263.B 75 98 22 58845 76 104 26.9 1. 2 1. 9 
IlI.264.B 75 58 26.7 59281 37 51 48.3 1.69 1.79 
IlI.26S.B 75 100 19.7 58842 69 94 29.4 1. ~ 1. 7 IlI.266.B 75 100 17.5 59353 68 93 29.7 1.6 1.63 
IlI.267.B 75 100 16.3 43571 108 147 15.2 1.35 1. 4 
lIl.268.B 75 100 9.7 25251 196 268 5.4 0.94 1.22 
Class 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Noise 
Noise 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic lD 00, 
i 
I 
I 
. : 
f 
.. 
1 
i 
; 
, 
I , 
I 
Table 5.2.4 Nine-compartment tube IV: water-ethylene glycol mixtures 
.. 
Length-mean values 
C 
Gr. x10-3 Av.- Av. RN Wt.% 5 ATi' q WL Xo Amp1. Freq. Water . Ib/in2 Hz 
IV .4d1..B 20 79 33.5 34686 206 854 4.65 - -
, i 
IV.402.B 20 81 35.9 15529 245 1014. 3. 2 - -
Iv.403.B 20 59 29.9 24630. 161 666 4.47 
- -
IV .404.B 20 77 24.8 23814 256 1062 2.59 - -
IV .405.B 20 76 31.7 ;7026 222 919 4.82 
- -
. 
IV .406.B 30 77 30.8 41193 197 816 6.82 0.56 0.53 
IV .407.B 30 '75 23.5 34348 214 889 5. 2 
- -
IV .408.B 30 75 35.3 50006 181 .751 8.72 0.79 0.69 
IV .409.B 30 75 20 30364 245 930 4.02 0.43 2 
Iv.410.B 30 77 37 45172 182 753 7.72 0.85 0.45 
Iv.411.B 60 80 26.2 50396 174 720 8. 8 0.94 0.53 
Iv.412.B 60 80 30.7 61788 156 646 12. 4 1.65 0.98 
Iv.413.B 60 80 23.6 41739 185 766 7.32 0.75 0.54 
Iv.414.B 60 77 32.9 68566 149 619 14. 6 1. 5 1.04 
Class 
'. 
Noise 
Noise 
Noise 
Noise 
Noise 
Cyclic 
Noise 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
Cyclic 
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6. Discussion and interp,r~tation of results 
6.1 Correlation of the local heat ~ransfer coeffi~ients for 
. 
water, for tubes of different diameters 
Due to the complex nature of two-phase flow with heat transfer, 
empirical or semi-empirical approach for correlating heat trans-
fer data has been adopted by many investigators. Lockhart and 
Martinelli (2)~ suggested that thei~ parameter Xtt used in 
correlating t.wo-phase pressure drop 'data, would be one of .the relev-
ant parameters describing diabatic two-phase flow with heat 
transfer. lIany workers (:~, 8,10,45), c.orrelated their results 
wit.h equations of the following form: 
hTP _ 
--
---------------------------- 2.1 
where m and n are two empirical constants and hL is defined 
by Eqn.2.3 or Eqn.2.23. 
Eqn.2.l, was shown by Collier in Ref. l,page 206, to have 
some basis for the wide success achieved in correlatinG two-
phase flow heat transfer data: 
The local resul t.s, for water; from this work, shown in Ta.bles 
5.1.2 and 5.1.3, from the six-'compartment tube III and froLl 
the nine-compartment tube'IV, showed that Eqn.2.l, correlates 
the present data, but with a different constant for each tube. 
The equations are: 
for the tube Ill: hTP 2.45 ( 1 )°.7 _________ 6 •1 
-hL Xtt 
h~;e 
= 3.45 ( 1 )0.7 -------6.2 
hL Xtt 
and for the tube IV, 
Figs. 6.1.2 and 6.1." illustrate the, agreement of these 
equations with the experimental results. The exponent 0.7 for both 
seta of data is a result of a graphical trial and error procedure. 
-----_ ..-------------- - .------- --
I The experimental data used in developin~ Eqns.6.l and 6.2, 
sa~isfy the following conditions I 
(1) ReL > 2000 and Rev> 2000 
This condition is consistent with the definitio~ of the 
parameter Xt~ (2). 
(11) Local vapour qualities ranged from 2% to 60%. 
, . 
This condi~ion is consistent wi~h observations made by 
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many authors (11,80) .At a mixture quality of about 2 %, 
the onset of annular flow pattern and the associated 
forced convective mechanism commence. Bennett et al (11), 
found that at very low qualities, the ratio (hTP/hL) is 
practically indendent of the parameter(l/Xtt). Bennett et aI, 
also found that as the q~ality increases above 2 % , the 
ratio (hTP/hL) remains a function of the parameter (1; Xtt). 
In this wark, the observations of Bennett et al (11), are 
confirmed, as can be seen from Fig.6.l.l, in which data 
for the full range of qualities are included. Fig.6.l.l, 
shows that for values of (l/Xtt) of up to unity, which 
corresponds to a quality of 2.3 %, the ratio (hTP !h1) is 
almost independent of the parameter (l/Xtt). This is bec-
ause at low vapour qualities, the nucleate boilinG mechanism 
plays a major role in the heat transfer process. The 
forced convective mechanism usually prevails at hiGher 
qualitiestha,n about 2%, where the correspondinG flow 
patterns are those of slug and annular. 
In the 'literat4re, very often the LID ratio is regarded as a 
•. f 
fact6rin two-phase flow heat transfer (25,73,78,82). In the 
case of tubes III and IV, this ratiO is about the same, as 
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TABLE 6.1 .. 1 
Heated Inside Value 
length dia- L/D of (Ga)O.3 Tube ft meter ratio the Ref. 
inch con-
stant m, 
in Eqn. 
6.~ 
Sing1e- , . 
Compartment 
98~5 -Tube I, 3.98 0.485 68 313.5 
copper 
Single 
Compartment 
4 0.488 98.4 - 29 315.2 Tube II, 
5.5. 
5ix-
compartment 
Tube III, 4 0.5 96 2.45 This 322.4 
5.5. work 
Nine-
compartment 
6 0.872 82.6 :5.45 This 532.6 Tube IV, 
5.5. work 
. 
shown in Table 6.1.1, but the constants of tubes III and IV 
differ significantly • This would suggest that this difference 
is due to the tube diameter. 
It will be shown that a constant m may be defined allowing 
equations 6.1 and 6.2 to be replaced by a single equation of 
the forml 
------------ 6 ~ 
'..1 
Table 6~1.1. gives full description of the geometry of the 
•• f 
tubes of which the experimental results are considered in 
this work. 
! 
. ! 
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, The experimental finding of this work, is confirmed in the 
literature. Leniger and Veldstra (48), found no significant 
di'fference in the values for the overall he<J.t transfer coeffic-
ients, for t~o tubes of one and two meters lonG and with the 
L/ D ratio of 21 and 55 respectively. Also the experimental 
results of Coulson and McNe11y (16), obtained from working on 
tubes ~aving the same length of 5.25 ft, but with four different 
diameters giving an L/ D range of 63-262, were correlated for 
their forced convective regime of boiling. by the~ame equation 
in which both the length and the LiD terms are absent. This is 
confirmed also by the work of Brooks and BadGer (18), whose 
results coming from a tube of 20 ft long and having an LID ratio 
of 1;6, were also correlated by the Coulson and HcUelly equation. 
On the other hand the 'Uughmark correlation, Eqn.2.l2, obtained 
from experiments on tubes with diameters ranging from 0.75 to 
1.068 inch and the lengths ranging from 4.85 to 12 ft, shows 
a small inverse dependence of the heat transfer coefficient on 
the test section length I' hTP 0( L-O. 25 
O~ thB basis of the Hughmark 6orre1ation, the value of the 
c.onstant m for the nine-compartment tube IV, should be smaller 
than that for the six-compartment tube Ill, which is clearly 
not the case, as can be seen by reference to Eqns.6.1 and 6.2. 
Hence the diameter seems to be the variable responsible for 
t,ne different values of the constant m in Eqn. 6.; • 
. ~ 
Th.e way in which the diameter can affect the process of two-
p~ase heat transfer will now be examined. 
, 
The work of Govi~r and Short (15), shows that the transition 
from a slug type of f10'\/J to an annular and froth types, occurs 
at smaller volumetric ratios of air to water in the larger 
.. _-----_._---_._= ... ===-:-::"=' =-=-=-=-=-=:""::::-=--=--==============-=' =-::-::--'::..::"-=-=-=---:::.--::-==-=.:,-=--:::.-::"--'~-":.=' .=."===' :::::;,,;.-=' 
diameter- tubes,.for the same liquid velocity, as illustrated 
below by a diagram based on the data from Ref.l5. 
Fig.6.l.l0(from Ref. 15) 
constant water veloci ty 
at inlet 
I I 
.bub\:iy ":+4S_I_U_9_--+ .. :,froth and annular 
I I 
: I 
I I 
Volumetrl'c t • / t er ra io arr - wo 
The consequence of this on the proces~ of heat transfer, is 
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that better heat transfer would be eX2ected to occur in larger 
diameter tubes for a given vapour quality and liquid velocity, 
due to an earlier attain~ent- of the more favourable flow regimes 
for the process of two-phase heat transfer. 
The effect of the tube diameter on flow stability should also 
be considered •. Increased diameter of the test section increases 
stability by increasing the mass velocity, as can be seen in 
Table 6.1.2, which gives a co.mparison of the mass fluxes obtai-
ned in tubes III and IV, under the same operating conditions •. 
The greater stability of the tVlo-phase flow obtained on increasing 
the diameter of the test sectin, is confirmed by many workers 
(19,23,24). A wide flow path accommodates better the process 
of vapour expansion and release than a narrow flow path, where 
this process is hampered. Hence the larger diameter tube is 
expected to be more stable under conditions of similar heat 
fluxes. This was emphasised in Section 5.2, whel.'e it was llointed 
out that the frequency of the pressure fluctuations was found 
to be smaller for the larger diameter tube, as shown in Figs. 
5;2.8 and 5.2.9. 
The analoGY to an air-lift pump is interestinG, whe~e these 
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fluctuations bring abou.t lower pump efficiency (56), since they 
are a source of energy loss. In case of the two-phase flow wito 
heat transfer, this energy loss is reflected in the lowering 
of the mean circul~tion ~ate and a consequent decrease in the 
heat transfer coefficient, since hTP ct.GO. 8 in forced convective 
heat. transfer. 
TABLE 6.1.2. 
. 
steam Mass :flux 
RN pressure % sub. o:f liquid ~ IV p.s.i.g. G(l-Xav) GL III 1b/:ft2 hr 
IV.320.1i 51 62 198204 1.75 
III.67.W 51 60 113200 
IV.315.W 40 50 179733 2.05 
III.113.W 40 47 87651 
IV.314.w 40 78 273909 ~.52 
III.345.W 40 81 180296 
IV.312.W 37 40 145803 1.48 
III.71.W 37 40 98487 
IV .308. W 40 52 191261 1.97 
III.115.W 40 52 97282 
Average 1.75 
------- ... -
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From the discussion above, it is obvious that onc of the varia-
bles affecting the constant m, is the tube diameter. In order 
to sec the full extent of this relationship, the values of m 
from Eqns. 6.1 and 6.2, ~ere plotted against the respective 
diameters on log-log paper in Fig. 6.1.4. The slope of a straight 
line connecting the points is 0.63, i.e. :* 
The tube diameter is only one of the factors affecting the 
heat transfer in two-phase flow. The literature search points 
to other important factors. Cha.wla (26), points out that the 
gravitational acceleration should be considered ~s a factor, 
particularly in vertical tubes. One of the parameters appearing 
in the Chawla correlation, Eqns. 2.5 and 2.6, is the Froude 
number, \'1hich is the ratio of inertia force to Gravitational 
force. Davis (44), also used the Froude number in modifying 
the Lockhart-Martinelli parameter, when trying to correlate 
his data for pressure dr~p in vertical tubes with two-phase 
flow. Davis argues that the gravity force is more important-
at low vapour flow rates and its effect decreases with increas-
ing vapour flow rates, where the liquid hold-up becomes smalle~. 
Also Quandt (74), used the Froude number as _a criterium for 
iJ 
the prediction of flow patterns in vertical two-phase flow, 
as it contains the gravitational force, which in the case of 
slug type of flow was found to be the ~ominant force. 
It seems quite reasonable to take the gravitatioal force into 
account, together with the viscous force in two-phase flow in 
vertical tubes, as they affect the flow rate'. In Refs. 43 
and 72 , it is shown that all these three forces maI;:e-up the 
Galileo number as follows I 
The same procedure was used with the length-mean values of the coefficients 
from three tube sizes, and a straight line was obtained. The coefficients 
for the third tube were taken from Ref8~21 and 28. On this basis a straight 
line was drawn in Fig. 6.1.4. 
, ' 
, 
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Galile"O number ': Re Gravitatioal force 
Viscous force 
which can be written as: 
Ga = P u 2 D P g 
• 
}l u, }1 !L 
-D D 
.. 
:. Ga :: D3 G 
p2 D3 g 
= y2 
P. 2 
From the exprimental results, we have that D, in the constant 
m, should be raised to power 0.63 .In 'order to use the Galileo 
numb.er and to have the diameter in it to that power, the 
Galileo ~umber should be raised to power 0.21. Therefore Eqn. 
6.3 be'comes I 
which is ~ore convenient to 'I7rite in the 
" 
'following form: 
In order to establish the consta~t, of proportio.na1i_ty in the 
relationship 6.4, plots of (hTP / h1) against [cGa)0.5(1/X.
ct
)]' 
for local coefficients for tubes III and IV, were made in 
Figs. 6.1.5 and 6.1.6. The result of each of these plots is 
a straight line wl-t'h a slope of 0.1 and an intercept of 0.043, 
hencel 
The local results from the t.wo tubes for water, reported in 
' .. , ... - " .. ~. , .. ,. ..-. , ... -- ...... ~ .. ' .. """\' .... " ........ -.,-
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Tables 5.1.2 and 5.1." were correlated by the above equation 
t~ an accuracy of 83 J~ of data points vd thin ± 30 % accuracy 
limits. 
The fact that the local data for water obtained f~'om tubes Ill, 
a.nd IV, listed in' Tab;le 6.1.1, are correlated by the above 
equa.tion, shows that the expression (Ga) 0., takes correctly 
int.o account the variat.ion in the tube diameter. 
The local data for water from the various comp'artments plotted 
in accordance with Eqn. 6.5, still show a scatter due to the 
position in the tube. In Fig.6.l.1, are plotted coefficients 
from sections 1",5 and 6, and it appears that the data from 
the bottom and top sections deviate most from the correlating 
line, thus indicating the effect of the position in the tube. 
Application of a.n empirical ra-tio (1/ z)0.3. to the loca.l water 
data from tubes III and IV, improves this scatter, as shown in 
Figs.6.l.8 and 6.1 •. 9. 88;% of dat.a for water from tube III is 
within :1::30 % and 85 % of data for water from tube IV is within 
~30 % accuracy limits. With ihe ratio (1/z)0.3 included,. Eqn. 
6.5· becomes a 
_ ..::..TP~= 0.04} (Ga) • ( )( 6.6 h ~ ° 3 1 _..;;.I_)0.3JO•1 _. __ 
hL Xtt z 
where I Z = distance from the inlet to the reboiler 
tube to the centre point of a given compartment 
and l= half the length of the reboiler tube introdu'ced 
to non-dimensionalise z 
Half the lengt~_of the reboiler tube, in the ratio l/z, has 
I 
been chosen by .. ~nspection, because this ratio is unity for 
the length-mean' values. Table 6.1.3, shows the value of this 
ratio for the various compartments of each tube. 
... _ .... - oil: 
_ .. -----:=-:---=--:::::-=--:-.::--:-:-.::--:=:'''.:'.:'=.-:='.=-.::"=.===============::::=====::::=::.;::;.;...;;;;==== 
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Table 6.1.5 
Six-compartment tube 1II,1=24" Nine-compartment tube IV,J c 36" 
Section z ( 1/ z) (~/ z)0.3 Section z (AI z) (Jfz)0.3 
110 • inch Ho. 
1.Top 44 0.55 0.834 1 Top 68 0.53 0.826 
2 , 56 0.67 0.885 2 60 0.60 0.858 
3 28 0.86 0.955 3 52 0.69 0.896 
4 20 1.20 1.056 4 44 0.82 0.942 
5 12 2.00 1.231 5 36 1.00 1.000 
6 B,ottom 4 6.00 1.712 6 28 1.29 1.078 
7 20 1.80 1.193 
8 12 3.00 1.390 
9 Bott.om 4 9.00 1.933 
L 24 1.00 1.000 L 36 1.00 1.000 
The diameter of the test section ~, could have also been used 
instead of I.. to non-dimer:rsionalise z and the resulting ratio 
(D/ z)0.3, would have' had the same effect in reducing the scatter 
of the local data. 
'. 
However ~ was chosen instead of D because the ratio (~./z)0.3, 
becoBes unity for the length-mean coefficients. Therefore the same 
equation 6.6, correlates both the local and length-mean coeffici-
en.ts. Also introdu.ction of D for non-dimensionalising pu.rpose, 
wou.ld interfere with D in the Galileo number where it is justified 
by flow mechanism re~uirements. Further, the tubes of this 
investigation have practically the same L/ D ratio, and therefore 
on the basis of these experimental results, it would not be 
justified·to imp~~ that this ratio is a factor in the correlation • 
.......... ~ .... ~ ........ ~ ..•. _.~ .. '.~_ .. _~ ... __ .,~ ... ~·~ .. ~·"M_._.·. 
210 
Fig. 6.1.1 vs. 1 
Plot of the local data fo~ water for the 
full range of qualities from the six-compart-
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21 3 
!I'ig. 6.1.4 Dependence "of.the va.lue m in the.equa.tion: 
on dia.meter. 
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; 6.2 Corrolaidon of the lenc;th-mean coefficients for '\"la.ter, and 
their relationship to the local coefficients 
Eqn. 6.6, correlating the local experimental coefficients, may 
be used to correlate the length-mean coefficients (as they are 
calculated in Appendix 9.2 ), provided that a suitable average 
mixture quali~y is applied. On the basis of the experimental 
data available from this work, it has been fottnd that takinG 
an average as being one haif of the exit quality, Eqn. 6.6, 
correlates the data reasonably well, if·at the same time z= ~ 
in the group (Vz ). Accordingly, 'the data for water from tubes 
III and IV, are shown in Figs. 6.2.1 and 6.2.2, respectively. As 
a result 97% of the dat,a of ·t.ube Ill, is within ± 30 5~ accuracy 
limit.s. The corresponding figure for tube IV is 95 ~'G. Although 
this is a good agreeI:lent. with Eqn. 6.6, the .. majority of data 
fall below the line of Eqn. 6.6. 
The lengt.h-mean dat.a fot; water from tube I, ta.ken from Refs. 68 
.' 
and 79 ,and those from tube II, from Ref. 29, are shown plotted 
in accord~nce with Eqn. 6.6, i~ Fig. 6.2.3. As a result 81 ~ of 
data point.s is rfithin the x.30 ~6 accuracy limi·~s. Agreement of 
this data wi t,h Eqn. 6.6, also confirms the effecti vel1ess of the 
Galileo number in accounting for varying test section diameters. 
Hence t,he equation correlating length-mean water data is the 
earlier equat.ion 6.5, as the rat.io (l/ z ) becomes a unity. 
= 0 ~t:i43 1 ) ] 0.7 __________ - 6.5 
Xtt . 
The length-mean ~xperimental coefficients of this work,' are 
.. ' 
those for the runs with an arithmetic average qualities ranging 
from 27~ to 30%.. and ili th Reynolds number for the vapour and 
liquid phase in excess of 2000. 
"",-.~,.>'" ..... < •• ~ ............ ' ,~ - ............... __ ........... ,,, .-, •• ~ ••• ~.~-., ...... -~ •••• ~,-.-••••• 
-------------------------------------------------------------------------
220 
I The reason that the length-mean data plotted in Figs. 6.2.1 
and 6.2.2, tend to fall below the line represented by L;qn. 6.5, 
is explained as folloVls, 'rhe quality used in calculating the 
length-nean values of 1/ Xtt. and hL" is half the exit quality. 
Taking the avera~e quality to be half the exit value, does 
not provide a true mean quality, because the quality variation 
along the test section length is not linear. A more true average 
was calculated for each run by graphically inteGratinc the 
local qualities over the entire test section length. On the 
basis of all the nater runs with tube Ill, the integrated length-
mean quality ranged from 0.43 Xo to'0.50 Xo ' with an average 
of 0.41 Xo' For tube IV, the corresponding figures are 0.40 Xo 
to 0.50 Xo , with an average of 0.45 Xo' 
The integrated mean qualities are sl.ightly smaller than the 
arit,hmet.ic average ones. Inspection. of Figs. 6.2.1 and 6.2.2, 
shows that if smaller values of t,he average qualities were useu, 
all, the data points would be shift.ed to the left, malcing more 
even the disi£ribution around the correlating line. However, on 
the hasis of this observation, no correction ,was applied to 
Eqn. 6.5, as there is no obvious relationship between the 
required multiplying fac.tor, the tube geometry and the operating 
condit.ion.s. 
Tb-e c.orrelation of the length-mean coefficients by Eqn. 6.5, 
nit.h t,he paramet.ers (l/Xtt and hL using average,. qualities of 
half that at the exit, is useful especially for desit;n purposes. 
Honever, it should be remembered that the test section dimensions 
used in this invest.igation are relatively small. Therefore, to 
generalise these statements, more experimental evidence is 
necessary on test sections of larger dimensions. 
. 
• 
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,Eqn. 6.6, when ~ntegrated, yields an expiession for the lcngth-
mean coefficient. The integration 
21 
is carried out below usinG: 
_1_ 
21 
J h'rpz dz 
o 
-------------------- A 
The folloTTing assumptions are made in the integration ·proce<lurez 
1. The, quality of the two-phase mixture varies linearly with 
length, therefore: 
x = z 2~ . ' 
2. B'ecause the variation of t.he temperature, for a given fluid 
ii negligible, the physical properties of the sinGle 
component fluid will be assumed to remain constant. 
1 ) (----zl )0.3J 0.7 -----6.6 
Xt.. t 
1 ( X )0.9(.-f.L)0.5( Pv )0.1 ::: 
Xtt l-X Pv )1L 
Sinc:e 
and 0.023 ( KL ) E Di G(l~X) ]0.8 1'- Gp 0.4 hL = )L . ( F Di ~L ~ 
. where 
~Ga)0.3( ~: )0.5( 
sinc,e (1_X)0.17 :::!:: 1.0 
. 0 6~ . _0.21 .0.21 
:. nTP = Bj X • ./ Z ,. 
Z 
Su.b.st,i t.u.ting t.he above expression in equation A, Gives I 
:Er l~ r21xO.63 zO.2l dz 
21 )0 , 
The equation ab~ye, can he int..egrated if one assumes that the 
quali ty v:aries ,linearly with ,length. 
X::: Xo ~ 
21 
. where Xo= vapour quality at tube exi i; • 
.,. . .' ........... _,,- ....... -. ~...-..~. -,,~ _ .. ~ -. ~-.-.~ .-~.- .. ~ .. "- -. '-" _ ..... . 
:: hTP = m 2 R (2 R )0.63 
0.61 13, Xo 0.6; 
:. h'l'Pm _ 0.0006(~) ( Di G D~ }lL 
(_Jl_v _)0.1] O. 7 
ilL 
22 J zo .42 dz 
o 
) 0.8 (_~_c .P_)~.4 
x 0.63 
o --------------------c 
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Equ.ation C , was used t.o calculate t.he lengtl)-mean coefficients. 
and these are compared uith the experimental length-mean 
coefficients in Figs. 6.2.4 and 6.2.5. for tubes III and IV. 
The agreement is reasonably good 
" -._._., " ... "-'-'" ...... "._._----_ ...... __ ... - ..... ~ ....... -..... 
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Fig. 6.2.1 Correlation of t.he length-mean coefficients 
for water from the'six~compartment t.ube Ill, 
Eqn. 6.5 
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Fig. 6.2.2 Correlation of the len~th-mean coefficients 
for water from thenine-compartnent tube IV, 
Eqn. 6.5 
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Comparison o£ length-mean coe££icients 
obtained by analytical integration with 
the experimental length-mean coe££icients. 
Water data. 
Six-compartme~t tube Ill. 
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Compa~ison o~ length-mean coe~~icients 
obtained by analytical integration with 
the experimental length-mean coe~~icients. 
Water data. 
Nine-compartment tube IV. 
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. 
, 6., Correlation of the length-Ilean heat transfer coefficients , 
for single-com'poncnt. liquids other than 'l"mter 
It '7as shorm in llefs. 5 and 20, that thE: surface tension of a 
. 
liquid, has a major effect on the mechanism of floTI, and 
consequently on the heat transfer in boiling. In each case, the 
ratio of the surface tension of water to that of the Ci ven 
liquid' (6H20/6L), Vlas used in their correlating equations 2.18 
and 2.19. T'he same rat.io is applied to the correlating equation 
6.5, and the correct exponent for t.he group (6H20/6L), vas 
found graphically in Fig. 6.3.2, by cross-plotting the data 
of FiG.6.3 .1. This plot, illustrates considerable displacerael1t 
of the other liquids from the correlating line developed for 
pure wat.er data. Unfortunately, length-mean coefficients had 
t.o be used for this 'exercise, as no. local experiment.al 
coefficients were available for other single-component liquids 
except water. Tho lenGth-mean coefficients used for ~?A,IPA' 
and their respec.ti ve aZeotropes with water were taken from 
Refs .68 and 79. 
It. has been'found from the cross-plot. of Fig.6.3.2,that the 
surface tension ratio should have an exponent of 0.6. Comparison 
of Fig. 6.3.1 with Fig. 6.3.3, shows the strong effect of 
surface tension as a correlating factor. The fact that the 
ratio (6H20/6L)0.6, helps to correlate the data, proves that 
nucleation was playing a significant part in the boilinG heat 
t.ransfer process. Fig. 6.3.3, shows that the modified equa.tion. 
assumes the followinG forml 
)0.6J 0.1 
---6.1 
All the data points are within the ±30 I~ accuracy limits. 
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~lig. 6.3.1 vs • 
.Plot of the length-nean coefficients for 
single-component liquids other than ~ater 
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r"i 6 3"" Correlat.ion of the len"'th-mean coefficients !" g. e e,/ U 
for sinc;le-component liquids, other than 
water, Eqn. 6.7 
Data from Refs. 68 and 79 
~ ... - •• _-.- .... # ... ~-.-- ••• --••• -------.- .... " ... -. --. - .... ,~--
, 
·' 
232 
I 6.4 Correlation of the heat trancfer coefficients for 
hin.ary mixtures 
In this section Eqn. 6.7, is modified to correlate the 
experimental coefficients of heat transfer for binary liquid 
mixt,ures. In the first instance, 1engt,h-mean data are used, 
as no local dat.a are available except those for the rmter-
ethyle~e glycol mixtures. On the other hand, length-mean 
, . 
data are available for the following systems I isopropyl a1coho1-
water (79), normal propyl alcohol-water (68), and water-
.ethy1ene glycol (of tbis work). 
Length-mean. data for binaty mixtures 
In Eqn. 6,.7, the surface tension rat.io of single-component. 
j 
liquids was int.roduced to allow for t.he effect of surface 
t.ension on the nucleation contribution to the boiling l?rocesc. 
In. case' of binary mixt.ures, surfac.e tension' is a function of 
.. \ -~ 
the composition and this in turn has a gradient at the 1iquid-
vapour interfac.e. In the surface tension ratio, the relevant 
~ 
*' surfac:e tension is th.at of th~ liquid at the interface 6"L' A 
'*' detailed definition of 6L and the method of its calculation 
are described in Sections 2.5 and 9.1.19 •. 
To show the effec,t of the ratio (6H20/ 6~) 0.6, first plots of 
t.he experiment.a1 data without this parameter are shown in 
Figs. 6.4.1 to 6.4.,. Next in Figs. 6.4.4 to 6.4.6, this 
p.aram.et,er is inc1u.ded, which resulted in reducing the scatter 
<f· 
of the data points. 
In boilin~ of binary liquid mixtures, there is a concentration 
6radient in t~~ liquid phase arising from the migration of 
the more volatile component to the vapour phase, and this 
gives rise to a temperature·. gradient. As a result of the 
.",~ ... -- ..... ~ ...... -~ .. ~-.-- ........ "' .... -.-.. --- ...... ~ ... -~ " .. - ""-
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I temperature Gradient, the effective temperature driving force 
is less than the difference bet:ween. the "Tall and bulk liquid 
t~IJ.pcrat.ures. The necessary correction:· to the apparent 
temperature difference was developed by Scriven (70), and the 
correction factor has the form: 
. F= [1-(;-x)(~/DAB)0.5( CPL/HlV)(dT/dX)] -------- 2.24 
This fac:tor helped to correlate pool b;oiling data in Ref. 77, 
and it, is reason.able to use it in correlating flovT boiling 
heat t.ransfer data for b.inary mixtures. 
In flow boiling, the nucleation is one of the mechanisms of 
heat t.ransfer and therefore an exponent on the factor F, will 
he different from that. in Ref. 77. This was found by trial 
and error t.o be 1.5, and Figs. 6.4.7 t,o 6.4.10, illustrate 
its effect.. Thllst.he correlating equa.tion for the length-mean 
c:oefficients is I 
hTP 
hL 
:= 
Local coefficients for binary data 
. 
It. was found earlier that. the necessary fact.or in correlations 
for local coeffic.ients is the ratio U/ z) o• 3. This is combined 
with Eqn. 6.8 to give: 
The agreement of this. equation with the experiment.al data 
point.s, for -&uhes III and IV is shown. in Figs. 6.4.11 ana 
6.4.12. The agreement. is not. as good as with the other result.s 
of this work and the possible reasons are discussed below. 
Disc.ussion of the binary mixt.ures correlat.ion 
The poor agreement. of the water-ethylene glycol data with the 
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. · correlat.ions 6.8 an.d 6.9, should be viencd in t.hc light of 
accux.acy limi t.s dcscri hed in Scct.ion 4.2. An additional source 
of error is in t.he physical properties of the binary 
mixtures at t.heiJ: respective bO.iling points. These were 
oht.ained .from various <fublished sources and involve process es 
of interpolati on and extrapolat.ion. This uncertain'~y is. 
particularly t.rue in case of t,he mixtures for which thc 
molecuiar weights and consequent.ly.thc boilinG points of the 
-
t,'70 compon.ents vary considerably. It. is partic:ularly difficult 
to find reliable vapour-liquid equilibrium and mass dif'fusivity . 
data for these mixtures. A fundamental analysis of the flow 
fluct.uations was not. undertaken, but from such quantitative 
observations as shown in Figs. 5.2.2 and 5.2.;, it appears 
t,hat. the amplitude is slight.ly higher for. mixtures than for 
pure water at the same heat flux. This difference i·s mainly 
due to great. diffcren.ces bet.ween the physical properties of 
mixtUres and water. 
The correlating effect o'f the factor 1',1.5, is very pOl7erful 
at the lowest concentrations of water and almost without 
signific.ance at the higher concentrations • This is illustrated 
in Figs. 6.4.6 and 6.4.9, in case of tube Ill. All the data 
point.s for concen.tJ:ations 15:·,' 20, and 3 ° vrt.. % of water after 
the application of the factor Fl .5 in Fig. 6.4.9, are brought 
t.o around the corJ:elating line, while the pOints for the 
higher concentrations are almost unaffected. For the same 
.:f 
reason t.he data points for tube IV, are very close to the 
correlating line-,because they' 'cover only the conccntrations 
of 20,.30, and,-60 ~G of water b,y weight·.Thi:;; powerful cffect 
I . 
of the factor·~1.5 is obvious from Figs. 9.1.16 and 9.1.18, 
showing the rapid fall in the value of .(y* -x) 'and F with 'the 
i!1.c;-eas·e in the concentration of water. 
, In case of the pure \vater data, t.he Galileo number (Ga)0.3, 
was used sllccesGfully as a factor to account for the effect 
of. tube diameter on the heat transfer coefficient. For the 
same reason, the Galileo number is used in Figs. 6.4.7 to 
6.4.10, to correlate the binary data for tubes I,IIl,and IV. 
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However, the kinematic viscosity in the Galileo number is that 
for pure water. The Galileo number based on the kinematic 
Viscosity of the individual mixtures of the various binaries, 
.las tried but wi t.hout any success. Therefore , it should be 
noted that in the Galileo number, which successfully corrects 
for the tube diameter effect, only the diaIaeter is the primary 
meaningful quantity, and the ltinematic viscosity of water, 
serves as a non-dimensionalising qUantity. 
The effect of high non-ideality 
It is knol'in from the pool boiling research on binary liquid 
mixtures that, the heat transfer coefficient varies with the 
concentration of the more volatile componen-lo. The effect of 
t.he concentration is illustrated in various .ways in the 
literature. Stephan and Korner (34), proved theoretically and 
experimentally, that for a given and constant heat flux, the 
heat transfer coefficient is at a minimum for the concentration 
for which (y"- -x) is at 'a maximum. 
Sternling and Tichacek (64), carried out experiments in pool 
boiling with a number of binary mixtures. By taking a cross-
plot of their boiling curves for the system water-ethylene 
glycol given in Fig. 15 of their paper (64), a plot of the 
pool boiling coefficient of heat transfer against concentration 
for a number of constant ATf was made, and is shorm in li'iG.6.4.13. 
This aGain shows that the minimum value of the heat transfer 
. ~ 
coefficient coincides with the maximum value in (y -x), which 
-------_ .. _-- .. _._._._- . 
; corresponds to a con.centration of 17. 5Vlt. % tlater in ethylene-
. 
glycol, as shown in Fig. 9.1.16. 
In order to compare the effect of concentration on the heat 
transfer coefficient in pool b.oilin~ with that in flow boiling, 
a nUlilber of graphs giving the relationship of hTP with concen.t-
ration is shown in Figs.6.4.14 to 6.4.18. These graphs were 
prepared hy selecting, from Tahle 5.1.4, hTP/S and concentrations 
for runs carried out at approximately the sa~e temperature 
difference and the same submergence. The trend shown by the 
data in the flow boiling, above the concentration of 20 wt. % 
of water, is the same as in pool boiling up to the concentration 
of about 80 wt. % water in ethylene glycol, ,'[here a slight' 
maximum in the curve exists. A similar pattern was observed 
in Ref. 21, for the flow boiling data for ~ixtures of water 
and glycerol, where the maximum hTP coincided with concentration 
of app,roximately 80 wt. % of water in the mixture. In our case, 
unfortunately, it was not 'possible to obtain experimental data 
for the concentration below about 20 wt. ~ water in ethylene 
glycol, because of the apparatus and steam supply limitations. 
The maxi~um in hT'P at about 80 wt.% water in ethylene glycol, 
does not exist in the pool boiling experiments of Sternling 
and Tichacek (64), and it is difficult to justify this maximum 
with certainty in flow hoiling. One of the reasons, could be 
that the surface tension of solutions containing 80 wt. i~ 
wat.er or more, approaches veJ:Y fast, the surface tension of 
pure water, 'as can be seen in Fig. 9.1.9, and it raight be that 
it is responsible for this drop in the value of hTP. This 
conclusion is partly justified by the fact that correlations 
such as those presented in Refs. 5 and 76, and given by Eqns. 
2.19 and 2.20. indicate that the hTP and hTP/hL are inversely 
,proportional to 6P • where p is a positive number. L 
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water-ethylene glycol mixtures , Eqn. 6.8 
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Concentration dependence of the pool 
boiling heat transfer coefficient for a 
series of constant values of ATf. 
This figure is a· cross-plot from Fig.15 
of Ref. 64 (water-ethylene glycol mixtures) 
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Variation of the length-mean two-phase 
heat transfer coefficient with 
concentration, for water-ethylene glycol 
system, at constant submergence and 
constant film temperature difference. 
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Variation of the length-mean two-phase 
heat transfer coefficient with 
concentration, for water-ethylene glycol 
system, at constant submergence and 
constant film temperature difference. 
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Variation of the length-mean two-phase 
heat transfer coefficient with 
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6.5 Comparison of the experimental data of this work with 
some puhlished correlations 
6.5.1 Pure water data 
The correlations of HU£;hmark (4), Schrock and Grossman (3), 
and Ch en (9), wer~ selected for comparison ,with the heat 
transfer data for pure water of this work. Only data points 
with vapour quality of above 2%, and with '~eynolds number 
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of each phase, larger than 2000 are used in this comparison. 
These two conditions were imposed on experiment.al data in 
developing the correlations of this work. The graphical 
comparison is given in Figs, 6.5.1 to 6.5.6. Sample calculations 
showing the method -of applying these correlations are given 
in Appendices 9.2.1.16 to 9.2.i.18 .• 
,---: 
.' The Hughmark correlation was developed only for length-mean 
coefficients for single-component liquids, and therefore only~ 
the lengt.h-mean data of this work are used. All the data points 
for the six-c.ompartment,tube III,~in Fig. 6.5.1, lie below 
tne Hughmark line and extend to the -60% accuracy limit. On 
the other hand, the data for the nine-compartment tube IV, in 
Fig. 6.5.2, lie on both sides of the Hughmark correlating 
line and are within +30, ~40% accurricy limits. This difference 
indicates quite clearly that the effect of tube diameter is 
not, account.ed for in the Hughmark correlation. The fact that 
the nine-compartment tube data agrees better, is cons;Lstent 
wi th Hughmark' s c'brreLation heing developed on experiment al .. 
data derived from tubes of ab,out 1" in diameter, as has been 
pointed out in;-the literature survey. 
. I 
.,' 
In accordance with Hughmark's correlation, the heat transfer 
'c.oefficient hTP, should be directly proportion~l to 6Lo. 45 , 
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which contradicts all the other correlations roviewed (5,76). 
The SchrocJc and Grossman correlation was developed on heat 
t.ransfer data for water, deri ved from experiments with small 
diameter tuhes, below 0.43" in diameter and operated as ·forced 
circulat.ion systems. Their correlation, again does not account 
for the effect of tube diameter, as can be seen by the contra-
. : 
sting behaviour of the data in Fie. 6.5.3, for the six-compart-
ment tube III on the one hand, and the data in Fig. 6.5.4, for 
the nine-compartment tube IV. In the first case,.the data are 
pretty well distributed around the correlating line, with 
about 87% of the data within :J:.35% accuracy limits (the accuracy 
limits of%35% are those chosen by Schrock and Grossman for 
their own data). In the second case practically all the data 
points are above the correlating line and 85% of the data are 
between the c.orrelat.ing line and the +70% accuracy line. 
The checking of the Che~ correlation (9), is made by plotting 
-' 
t,he heat. transfer coefficients, calculated by means of the Chen 
c.orrelation against the experimental heat transfer. coefficients, 
in Figs. 6.5.5 and 6.5.6. Generally the Chen correlation 
overpredicts the coefficient and to a higher extent in the 
case of the six-compartment tube Ill. Thus in the case of the· 
six-compartment tube' Ill, practically all the data points are 
within +100, -30% accuracy limits, while in the case of the 
nine-compartment tube IV, the majority of data is between +70, 
. .j. 
-30% accuracy-lines,with considerably.larger-proportionof 
'. . 
. _ 0 
·the data belo~ the 45 line. The reason for the better 
I 
agreement with ~.he nine.-compartment tube IV, is probably due 
to the fact that, Chen in developing his correlation used . 
experimental data from a r'ange of tube sizes, with the majority 
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'of the tubes being of larger diameters, such as 0.12" to 1"(9). 
The large scatt,er of the data is no doubt due to the high 
inaccuracy of the Supression Factor S, and the Enhancement 
Factor F, used in his correlation. 
All the three correlations checked, show quite clearly'that 
they all suffer from the fact that the effect of tube diameter 
is not 'allowed for in them. 
6.5.2 Water-ethylene glycol data 
The three literature correlations used in Section 6.5.1, and 
recommended by their authors for correlating single-component 
data will be compared with the binary data of this work, by 
usin.g the appropriate physical properties of t.he mixtures. Also 
the surface tension corrections and ~he ATf corrections used 
in c~nnection with Eqns.6.8 and 6.9, will be applied to test 
their effectiv~ness. 
Fig. 6.5.1, represents the length-mean data for the six-
compartment tube Ill, compare9- with the Hughmark correlation 
(4). In Fig. 6.5.8, the same data was used with the surface 
. t.ension of the bulk liquid 6L , replaced by the effective 
* ' surface tension 6L , as defined in Section 2.5. This change 
results in decreasing the scatter of the data. Previously 
the factor F, defined in Eqn. 2.24, was used to correct for 
the effective temperature difference of heat transfer. It is 
now applied for the same reason in Fig. 6.5.9. The improvement 
is considerable with the data points lying between +60, -,0% 
accuracy limit.s. 
The local coefficients from the six-compartment tube Ill, are 
.. , .- _ ...... -- .......... ----
--------------- .-.... , .. 
compared. vrith the Schrock and Grossman correlation (3). In 
Fi~. 6.5.10, the factors (6H20161)0.42, and Fl.05, are used 
with the right hand side of their equation. Practically all 
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th.e data points lie between the accurac.y limits of +100, -30~L 
The agreement is not satisfactory, and it can be deduced from 
Fig. 6.5.10, and by reference to Figs. 9.1.18 and 9.1.19. that 
wit.hout the factors (6H20 /6~JO.42 and Fl.05, the data-would. 
have been scattered between the correlating line and the .160% 
accuracy limit. 
In c,hecking Chen' s correlation. it was regarded that only the 
part defined as 'Nucleate Boiling t contribution. should be 
corrected for fluid properties. This was done by I (1) replac-
in~ the bulk surface tension 6L • by the effective surface 
tension 6~, and (2) by dividing the nucleate boiling contrib-
ution by th.e factor FCR:~+ly~-xl(ol/DABJO.5JO.7, from Ref. (30). 
The factor FCR,modifies the nucleate boiling coefficients 
correlation for single-component to one for binary mixtures. 
Fig. 6.5.11, shows that the agreement with experimental data 
is better than in the case of single-component liquids as 
can be testified by reference to Fig. 6.5.5. 
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Fig. 6.5.6 Comparison of the coefficients predicted 
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experimental coefficients. 
Local values for water. 
Nine-compartment tube IV 
=-=r---
100100 1000 10000 
h 
T PE xper'1 mental 
Fig. 6.5.7 
I~ 
-f-
+ 
Comparison of experimental results with 265 
the Hughmark correlation. 
ThrPDi 
KL 
= 13 H X _______________ Eqn. 2.12 
Lent1th-mean values for vrater-ethylene glycol 
mixtures (surface tension of the solution 6L 
is used). 
Six-compartment tube III 
t ! fi 
I 1. t lc:--:c= - . 
t t 11 
J t-
! jl·-f-I-
100 
Fig. 6.5.8 
266 
Comparison of experimental results with 
the Hughmark correlation: 
= 13 H X 
------------
Eqn. 2.12 
Length-mean values for wat.er-ethy1ene glycol 
* mixtures (the effective surface tension 6L 
is used) 
Six-comartment .tub,e III 
1CXXl ~~!=t"t;~ 1nl IT m tiHEt'fJ:FIl:dHt~ WilY :::::::::!T :::~Z;k: 
~~ Wt '7~ Wa.ter in Ethylene Glycolt § UP J iJ; j~§~finf 1vhiii [iiiiiii: fil! t.t ;;~i :::. 
1= .. 15 
1== + 20 
.- 30 
~. \11 40 
EO le 60 
t= 
* 
75 f= F 90 y 
f-
c:J 95 
-I--
-
.-1= 
~-~ 
-- -
~~-+-H-~~4+H+H+~U~~~tj ~, 
KL 
- 1--1--1-- - ~+-+++f+++H+H '+++++I+H'HttiW i+1IH+I+H 
. t + 1 ~ 1 r 
t 1" 
. ! ~:H =r:rH=H1 
• I 
1 !. 
j 
! I 11 r tj 
v 
v 
/ 
i 
Hx 
Fig. 6.5.9 
. 
. 
. . 
I 
. . 
• 
. 
I-f- .-
1-1-1--
. 
Comparison o~ experimenta1 resu1ts with 
the Hugbmark corre1ation: 
= 1) • H X __ :...-;.______ Eqn. 2.12 
Length-mean values for water-ethylene 
. . . . ( , * glycol mixtures surface ~ension 61 and 
li'1.05 are used) 
Six-compartment tube III 
F 1.05 
2 67 
268 
Fig. 6.5.10 Comparison o~ experimental results with 
the Schrock and Grossman correlation, 
6 ) 0.42 105 Eqn. 2.9, with (H20 and F' 
6L * 
corrections. 
Local values ~or water-ethylene glycol 
mixtures. 
Six-compartment tube III • 
..... ~-',-~-.- ... -.------- . _------ --_.-
E'Er 
---=1=:.-
-~+=l=r-
-~-+ 
e=1=l J:=;:::: 
Ff -F-t---
Fig. 6.5.11 
1-1-
Comparison of the coefficien~s predicted 
by the modified Chen correla\ion with the 
experimental coefficients. 
Local values for water-ethylene glycol 
mixtures. 
Six-compartment tube III. 
V i / ~wml~Hl"IH-l--++-II-+++++-I++-H+HH+t1 
k'l-J.'I./+++++-J-H.'f+H-H++ttttrHtttliltttfttttilffirttttirtlttttl 
100'bv-
100 1000 
h TP Experiment.al 
._----_._-- .------..• 
2 69 
270 
;1. Conc'lusions and recommendations for. further 'work 
1.1 Conclusions 
Higher values of t.he t.wo-phase heat transfer coefficient. h'rp, 
were obtained in the n~ne-compartment tube IV, of I .D.: 0.812", 
t.han in the six-compartment. tube Ill, of I.D. :0.5". This is 
attribut.ed to the bet-ter stability of the two-phase flow in 
the larger diameter tube, for it was found in·this work, that 
under the same values of heat and mass fluxes, smaller pressure 
. fluct.uation frequencies were obtain.ed in the larger diameter 
tuhe. 
The exp.erimental data indicate quit.e clearly tha~ the tube 
diameter is an important correlating fa9tor~ For the purpose 
of inclu.ding the tube diamet.er in t.he c.orrelating procedure , it 
. . 
was non-dimensionalised by expressing it in the form of Galileo 
Di3 g 
numb,er for wat'er, Ga -;=z'. Consequent,ly,the~b:asic~~~-~ 
t H20 
equat.ionl 
h'rp 1 )n 
. ,. ! 
m( ,1 2.1 = --~-~-------------------hL Xtt. 
. 
well est.ablished in t.hc---:li terature, for correlating heat transfer 
coefficients, was ~odified to the following form. 
Eqn. 6.9. correlat.es data for water and water--ethylene glycol 
mixt.ures from this work, data for IPA, 'IPA-H20 azeotrope, and 
• ..J. 
mixt.ures of IPA-H20 from Ref. 19, and data for UPA. UPA-H20 
azeoi;rope, and UPA-H20 mixtures from Ref. 68. All'the data 
points used in ~he development of i;his equation, satisfy the 
.. ' 
following conditions I 'the aver~ge mixture quality used ranged from 
2~~ to 30% in case of length-mean values, and from 2% to 60~j in 
case of local values, and the Reynolds number of each phase was 
.... , ".... ...... ........... ....... ..... _ .... _. -""-" .__ ._._-". __ .... _. -' ~~~"'-"-"'-' '-' -"'-' -" -" ------------.....;...;........;.....;.;;;~ 
,....-----------------------------------
j higher than 2000. 
The rat.io (-~) , is an empirical factor introduced because 
it helps in correlating local coefficients of heat transfer. 
This equat,ion correlates also, the length-mean coefficients, 
in which case t.he ratio (-}-) is unity. Further, Vfhen applying 
this equat.ion to length.-mean values, t.he quality used in 
evaluat'ing the paramet.ers Xtt and hL, is equ'al to half of that 
at the exit. 
6H20 
The surface tension ratio, ( 6 * ) in case of binary mixtures, 
,6H20 L 
which. becomes ( ') in case of single-component liquids, 
6L . 
has powerful correlating effect. This indicates that in this 
experimental work, nucleate boiling mechanism was playing a 
significant ~ole in the heat transfer process. 
The F factor, which. b.ecomes unity in case of single-c_~mp_onent ______ _ 
liquids, is a strong func.tion of the irregularities in the 
vapour-liquid equilihrium relationship. Hence it has a poworful 
effec.t on data points in the region of low concentration of 
t.he more volatile component, for mixtures with high values of 
(y*-x) and consequently high. values of the factor F. In case 
of low values of (y* -x), the factor F has a small correlating 
effec:t being practically. equal to unity. 
Out, qf the three b,inary systems used in developing the 
correlation, the data for water-ethylene glycol mixtures,show 
.J 
largest deviations fro~l-,,:the correlating equation. The reason 
.-; 
lies in the uncertginty of the physical properties of this 
system, .with mo~"t of the physical properties at the boiling 
\ 
point. being ob,t~ined by processes 'of extrapolation, and 
int.erpolat.ion;· from lower and higher temperatures. 
272 
I The correlations of Hughmark, Chen, and Schrock and Grossman, 
applied to water resuJ.t.s, were all found to lack a provision 
for the tu he diameter effec.t on the process of t.wo-phase heat 
transfer in nat.ural circulation reboilers. The effect of tube 
diameter in these equations, applied to binary mixtures, was 
not tested as not enough experimental data was available from 
tuhe IV .. . . 
7.2 Recommendations for further work 
'rhis investolgation showed that using the Galileo number as a 
-j 
c.orrelat,ing factor -' for different tube diameters, waS successful 
on the two tube sizes used. It is desirahle to test this factor 
on tubes with larger diamet.ers and larger lengths, comparable 
with those used in industrial reboilets. 
~he correlation developed here for the heat transfer to binary 
liquid mixtures, waS tested with data for a limited number of 
mixtures. It is recommended that more types of binary mixtures, 
particularly non-aquous mixt.ur~s, should be tested. 
\ 
.J 
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9.Appen.dices 
9.1 Physical Properties of Water/Ethylene Glycol Mixtures 
at the Boiling Point 
9.1.1 Boiling point and dew points 
Boiling point: ref:- Curme and Johnston (32), p. 55 
Dew point: ref:- Timmermans (33), p. 245 
wt. % Water B. pt. °c wt. % Water 0 B. pt. C 
0 197.0 50 107.2 
.. 
2 173.9 -60 105 
5 153.9 70 103.3 
10 137.2 80 102.2 
20 122.2 90 101.1 
30 114.4 100 100 
40 110 
Wt. % Water 0 Wt. % \vater Dew pt. °c in vapour Dew pt. C in vapour 
0 196.7 89.4 125 
19 182.6 93.2 120.6 
34 171.6 97.2 112 
38.8 168.6 98 110.5 
62 . 151.2 99.7 103.7 
76 140.8 100 99.6 
83 133 . 
-
-' 
9.1.2 Vapour-liquid equilibrium data of Water/ethylene 
glycol solutions 
Ref: . Timmermans (33), p. 245 
Wt. % Water wt. % Water wt. % Water wt. % \Vater 
in liquid. " in vapour in liquid in vapour 
0 .;f, 0 13 93 
0.1 1 16.4 87.2 
1.3 19 18.7 89.4 
2~1 34 26.3' 93.2 
i 
a~6 38.8 38.7 97.2 
5.8 62 40.2 98 
9.9 76 72.7 99.7 
12 79.9 100 100 
> .. ~,4 •.• _ ~.,,~.~._~ ....... , ___ ......... ~ '··.4_ ..... ·' ...... _· •. , ~~ .4, ~ ....... _.,,_ ..• > ... "_ ............... u~~ ..• 
9.1.3 Liquid density, P L 
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This 'fas obtained by extrapOlation o:f data, given at lower 
temperatures, to the boiling points. 
Re:f:- Timmermans (33), p. 246 
lft. % Water PL lb/:ft3 Wt. % Water f'L lb/:ft3 
0 60.4 50 62.49 
5 62.28 60 61.98 
10 63.34 70 61.43 
15 63.45 80 60.88 
20 63.41 90 ' . 60.34 
30 63.23 100 59.8 
40 62.92 
9.1.4 Vapour density, P 
. v 
Since no data were :found, and the vapour phase in our 
experiments was composed mostly o:f water (over 85%), the ideal 
gas law was assumed to apply:-
373 x p 
Pv = 760 x 26.8 x T 
where T is in oK = boiling point of the respective composition 
and P is in mm Hg 
wt. % Water Pv lb/ft
3 wt. % Water Pv lb/ft3 
0 0.0293 50 0.0367 
. 
5 0.0327 60 0.0369 
10 0.0339 70 0.037 
20 0.0353 80 0.0371 
30 0.036 90 0.0372 
40 0.0364 100 0.0373 
9.1.5 Liquid viscosity, ~ 
This was ~b~ained by interpolation of data given by 
Curme and JolmSton (32), p. 57 
1.370 
2.151 
2.127 
1.701 
1.266 
0.915 
0.68 
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.' 
9.1.6 Vapour viscosity, Pv 
Since no data were found, and the vapour phase in our 
experiments was composed mostly of water (over 85%), the 
viscosity of pure water va.pour a.t ~he hoiling point.s of solu~ions 
was used, given by the following equation':from Ref'. 57~. 
Pv = 0.0310 + 0.000092 (T - 100) lbift.hr· 
Where T is in °c 
Wt. % llater Pv lb/ft.hr 
0 0.0399 
10 0.03445 
20 0.03305 
40 0.0319 
60 0.03145 
80 0.031.2 
100 0.031 
9.1.7 -.Specific heat, CPL:-
This was obtained, by interpolation and extrapolation of 
data given by Curme and Johnston (32), p. 51 
Wt. % tiater CPL Btu/lb.oF 
0 0.763 
10 . 0.742 
20 0.770 
40 0.841 
60 0.911 
-, ,_80 0.966 
,J 100 1.010 
9.1.8 Thermal conductivity, ~ 
, This was;-obtained, by interpolation of data given by 
I 
.of 
Curme and Johnston (32), p. 52 
•• - ......... ~~ ..... ~~~ .,;----"'-. ., : •• - .. ~ ................ "-- ~ ,< .. ' .',.-..-. .. ~ .. --- ••• - .... - .'r"~ ........ _, '" -. ,,_. __ A_ .. ~~ ••.•. , .. ,., __ ,~-. __ ... -. .-
1ft. % Water ~ Btu/hr.ft.oF 
"'l.I . 
0 0.091 
20 0.1595 
40 0.206 
60 0.261 
80 0.321 
100 0.3935. ' . 
9.1.9 Surface tension, 6L 
The surface tension of W~ter/Ethylene Glycol mixtures 
at the boiling poi~} was measured in this laboratory, using 
the method de~cribed by Catchpole and EIlis (31). 
wt. % Water 6L dynes/cm 
0 35 
. 
39.5 38.9 
59.5 41.6 
78.6' 46.8 
100 58.85 
9.1.10 Latent heat of vaporization, Hlv 
This was calculated from the following formula given i~ 
Perry (58). p 3. 221-2 
'Where Y*: lft~ % of vapour in equlibrium with x of 
component 1 
Hlv1 :_ latent heat of vapO r ization of component 
.;j' 1 at the boiling point of x Wt.% 
Hlv2 : latent heat of vap 0 r ization of component 
2 at the boHing point of x 1ft. % 
\ 
I 
•• f 
, 
wt. % wt. % of B. pt. Hlv1 Hlv2 (100-y*) (1oo-y*)H 
of ''later liater for water Glycol 
Y*Hlv1 
in liquid in vapour Btu Btu 
°c -I-b-x 
0 
1.0 
1.5 
2.0 
2.5 
5 
10 
20 
.30 
40 
60 
80 
100 
Y· Btu/lb Btu/lb It) 
0 -·197.6 8.37 .344 0 100 .344 
1.3 187 855 .364 111 87 .317 
20.5 181.5 860 .37.3 176 79.5 296 
, 
25.5 178 867 .378 'i4.5· 282 221 
.30.5 174.5 870 .382 265 69.5 265 
57 154 902 40.3 514 4.3 17.3 
76 1.37.2 925 414 70.3 24 99.3 
90 122.2 94.3 424 847 10 42.4 
95 • .3 114.4 95.3 428 910 4.7 20.1 
97.6 110 958 4.3() 9.36 2.4 10 • .3 
99.15 105 965 4.32 956 0.85 .3.67 
99.75 102.2 968 4.34 967 0.25 1.08 
100 100 971 -4.36 971 0 0 
9.1.11 Mass Diffusivity, DAB 
Values for the mass diffusivity for six binary solutions 
of water/ethylene'glycol at four different temperatures 
(25, 40, 55 and 70oC) were found in a paper by Byers and King 
(55). 
A graph of lo910D vs. ~, where T is in OK, was plotted 
which gave straight lines for the concentrations given, and 
extrapolations to the respective boiling points were made, and 
the f~llowing values o~tained. 
Wt. % Water . DAB. x 104 ft2/hr 
0.8 4.149 
18 1.769 
.-
.37 • .3 1.482 J 56.6 1.471 
77.5 1.54 
99 • .3 1.811 
,~ .•• "~'_-__ '''_ ...... "'" .. _- -<- ............ ~ ....... - ., .. ~- .... - ••. -~ .... C", ., ••••• ," ....... :.,~ .... __ .:-_ ...... t- .• ~,..._ .. c ...... ~" " .. ..1 _.~_.' •. _~ •. ,_ ..... _._ .•• ' •.•• _, .•.. , • .,....... _., 
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Iv2 Hlv 
Btu 
-Ib-
.3/1:4 
428 
472 
503 
530 
687 
802.; 
839.~ 
930.1 
946.; 
959.i 
968 
971 
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9.1.12 Refractive angle at 25°C 
The Abbe refractometer was calibrated in this laboratory 
and the following values obtained:-
Wt. % Water Refractive Angle at 25°C 
0 13.4 
19.6 11.5176 
26.9 10.7483 
41.3 9.2685 
56.3 7.767 . : 
75.2 5.8042 
81.35 5.1425 
87.7, 4.5785 
100 3.3795 
9.1.13 Thermal diffusivity, 
This ,,,as obtained from the grC\phs of It 'Lt and CP
L 
vs •. 
wt. % water. 
wt. % lfater Cl( xl03 ft ~r' wt. % liater 0( xl03 ft 2/hr 
er-: 
" 
0 
-' 
1.97 50 4.24 
5 2.43 60 4.62 
10 2.85 70 5.11 
. 
15 3.09 80 5.47 
'. 
20 3.27 90 5.95 
30 3.61 100 6.5 
40 3.89 
This was obtained from the graphs of~ and DAB vs. Wt. % Water. 
wt •. ~. Water (oCjDAB> .Wt. % Water (c<jDAB> 
50 28.9 
2 5.72 60 31.4 
-I , 5 8.33 70 34.5 
.. J 10 12.4 80 35.1 
20 18.65 90 35.8 
30 23.2 95 35.7' 
40 26.3 
...... , ........... ~ - .. -~" .... '---...... - ..... -~~ •• " '. ~--: ••• -..-; .... - ..... '.~~ •• ~'.> •• ~~' •• >.,,~ ... "' ... -- ......... ~ .... .,. ................... ,. 
This was obtained from the graphs of Cp' and HI vs. wt. % L v 
water. 
1ft. % \Vater (Cp/HIV) x 103 °F-1 \Vt. % llater (CP/Hlv ) x 10
3 
°F-1 
, 0 2.22 50 1.) 5 
5 1.98. 60 1.28 
10 1.82' 70 1.22 
20 1.64 80 1.16 
,0 1.52 90 1.10 
40 1.4, 100 1.04 
9.1.16 (y* - x) 
This was obtained from the vapour-liquid equilibrium 
diagram. 
. 
wt. % Water (y* - x) wt. % Water (y* - x) 
0 0 40 0.576 
5 0.52 50 0.4865 
10 0.665 60 0.3915 I 
I 
15 0.706 70 0.2953 
20 0.7 80 0.1975 
. 
25 0.68 90 0.099 
30 . 0.653 100 0 
, 
This was obtained by drawing tangents to the boiling point 
curve and measuring the gradients. 
wt. % Water (dT!dx)oF Wt. % Water ' (dT/dx)oF 
0 -6354 35.6 -77.5 
4.5 -1020 40 -63.2 
8 -504 45.5 -54.7 
12.5 -309 57.5 -37.6 
18 -229 , 64- -29.1 
25 -135 68 -26.9 
30 -104 87.5 -19.1 
.---------_ .. _-_._. 
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This was obtained from Figs. 9 .1.14 t.o 9.U 7 
Wt. % Water F Wt. % llater F 
0 1.000 20 1.910 
1 3.260 
;;0 1.490 
1.5 4.020 40 1.270 
2 4.130 60 1.093 
2.5 4.050 80 1.028 
5 3.700 100 1.000, 
'la 2.760 
, 
This was obtained from Figs. 9 .1.2 and 9.1.9 
• • wt. % Water (dH20/6L ) wt. % Water (dH20/6L ) 
0 1.681 60 1.662 
. 
5 1.681 70 1.651 
10 1.681 80 1.635 
15 1.680 90 1.599 
20 1.680 95 1.557 
30 1.677 98 1.482 
40 1.672 99 1.395 
50 1.667 100 1.0 
- 11: 
Fig. 9.1.1. Boiling and Dew points vs Wt. % 
Water in Ethylene Glycol 
Boiling Ft.: ref:- Curme and Johnston (32) 
+ p: 
Dew Pt.: ref:- Timmermans (33) 
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9.2 Sample Calculations 
9.2.1 Six-compartment tube I water 
Run No. III.63. l{ 
Date of Run 19/9/73 
9.2.1.1 Experimental readings 
% Submergence 
Steam pressure 
Steam temperature 
Atmospheric pressure 
80% 
30 p.s.i.g. approx. 
133.7 °c 
752.1 mm~!Hg 
Exit vapour condensate flow rate: 
Volume collected D 195 c.c. 
Collection time 
Temperature 
= 62.3 sec 
= 
Exit circulating liquid flow rate: 
Volume collected = 865 c.c. 
Collection time 
Temperature 
=24.3 sec 
• 860 C 
Thermocouple readings": 
Thermocouple No. 
0---
'----
2 __ 
3---
4 __ _ 
5---
6 __ _ 
Section No. 
---1 
-- -2 
-3 
.-4 
---5 
- -- --6 
._------------_._._------------
312 
313 
Cold junction temperature = 1.8 m.V. 
To convert m.V. into °c divide by 0.0~1 
Thermo- Average Thermo- Thermo- Thermo- Temp. Section Average 
couple Thermo- couple couple couple °c No. temp. 
'No. coup~e reading + reading correction (corrected) in each 
reading cold °c factor section 
m.V. junction 
°c 
°c i 
m.V. I I 
o Top 2.365 ~.165 101.59 -1.0~ 100.55 
. 
1 2.~00 ~.200 102.~~ -1.~3 101.01 1 100.8 I 
I 
2 2.~30 ~.230 103.17 "1.19 101.98 2 101.5 I 
i 
3 2.~50 ~.250 103.66 -1.31 102.35 3 102.2 I 
~ 2.~~7 ~.2~7 103.59 -1.02 102.57 ~ 102.5 
5 2.445 ~.245 103.5~ -1.32 102.22 5 102.~ 
6 Bott. 2.438 ~.238 103.37 -1.05 102.32 6 102.3 : 
, 
Inside condensate flow measurement: 
Stainless steel cylinders were us~d - a height of 20 cm of 
each cylinder had a volume of 920 cm3 (see Fig. 3.6.a.) 
The valve below the collecting cylinders developed leaks. 
This leakage was collected and is reported in column 3 
of this table. 
Section Collection leakage from (920 + leakage) c.c./min 
No. Time traps and c.c. 
min. valves during 
collection 
c.c. 
1 Top 57.5 1460 2380 41.4 
2 2~.7 60 980 39.7 
3 26.72 106 1026 38.4 
~ 27.6 8~ 1004 36.~ 
5 27.28 28 948 34.8 
6 Bott. 32.~ 106 1026 31.4 , 
Length-mean values calculations 
9.2.1.2 Exit vapour condensate flow rate 
195 c.c. were collected in 62.3 sec. 
-- -~ .... - - '-~---..... -_ '.-10'~"'''' . 
• 
• • 
Temperature of condensate = 200 C 
o . Density at 20 C ... 0.9985 gm/c.c. 
Exit vapour flow rate = 
195 x 0.9985 x 3600 
62.3 x 454 
= 24.78 Ib/hr (24.78)* 
lb/hr 
9.2.1.3 Exit circulating liquid flow rate 
• 
• • 
865 c.c. were collected in 24.3 sec 
Temperature of liquid- = 86°C 
. Density at 
Flow rate 
86°c = 0.968 gm/c.c • 
865 x 3600 x 0.968 
= 24.3 x 454 
= 273.23 Ib/hr (273.2) 
lb/hr 
.. 
••• Total flow rate of liquid at the inlet to the reboiler 
tube ... 24.78 + 273.23 
W = 298 lb/hr 
9.2.1.4 Vapour exit quality (lft.C}(,) 
• 
• • 
X 
Exit vapour flo,., rate. 100 ... x 
0 Total flow rate at inlet 
24.78 
x 100 ... 298 
.. 8.32 (8.31) 
Average vapour quality ill the tube = 4.1.6 % .
*Values given in ( ) are from the computer program 
Calculations of the Lockhart-Martinelli parameter (-1-) 
X 0.9 PL 0.5 P 0.1 Xtt 
Jlv = 
.~ ... 
f'L ... 
Pv = 
... ( ) () (...!.) 1-X. ~ Pr. 
0.030~_ lb/fthr 
... 
0.69 lb/fthr 
59.~. Ib/ft3 
O~0373 Ib/ft3 
59.8 0.5 
(0.0373) ... 
0.1 
(0.0302) ... 
0.69 
(1603)0.5 = 40.04 
(0.0438)0.1 ... 0.731 
X ... 4.16 
ay. 
J 
.. J 
• 
• • 
• 
• • 
• 
a 40.04 X 0.731 X 0.0594 
9.2.1.6 Tube constants 
D. = 0.5" 
1 
Do a 0.625" 
Heated length, L a 4 ft 
Inside heat transfer area, A. a Tt D.L 
1 1 
= Tt (0.5) 4 12 
= ~ ft2 
= 0.524 ft2 
Cross sectional area, ~S a ~ D~ 
9.2.1.7 Overall heat balance 
273.23 lb/hr liquid) 
) at 100.55°C 
24.78 lb/br vapour ) 
Q ) 
Btu/hr 
Datum temperature = 1oo.55°C 
Heat content in liquid at inlet + Q = latent heat in the 
vapour stream 
Heat content in liquid at inlet ... WC .6T 
P 
Cp = 1.0076 Btu/lboF 
.6T = (102.32 - 100.55) o = 1.77 C 
= 1.77 X 1.8 
w = 298 lb/hr 
° l1:li 3.19 F 
315 
••• WC AT = 298 x 3.19 x 1.0076 p 
= 957.84 Btu/hr 
Latent heat in the vapour stream = 24.78 x 971 
••• ~IR = 24061 - 957.84 
• 23.100 Btu/hr 
.. 24061 Btu/hr 
'9.2.1.8 Overall temperature driving force (6 TOY) 
steam temp., T = o 0 133.7 C a 272.66 F 
. s 
Average bulk temp. a 100.55+101.01+101.98+102.35+102.57+102.22+102.32 
7 
• 
• • 
6T_. 
CN 
o 
a 101.86 C 
a 133.7 - 101.86 
= 31.84°C 
= 31.84 x 1.8 . = 57.31oF (57.1) 
Overall heat transfer coefficient, (U;) 
U. 
J. 
a A. AT 
1 ov 
23100 
9.2.1.10 Boiling-side heat transfer coefficient (hIP) 
D 
1 
- a U. 
1 
D. 
1 
+ ~ + 
o 0 
Ddn(nr) 
2K 
ss 
h = 3826 - 0.01 q 
o 
2 
Where q. • heat flux in Btu/hrft based on the inside 
tube area 
Heat flux (~) 
QC1R 
a - A. 
1 
23100' = 44084 Btu/hrft2 (44071) 
= 0.524 
••• ho a 3826 - 441 
• 3385 Btu/hrft2oF 
.-----.-.-.. -~.-----.. - ..... -.. _._-- .---... 
K "" 9.36 + 0.005 x 1.8 x (T ~ 100) , 
ss . w 
"" steam temp. + Average bulk liquid temp. 
Tv 2 
"" 
= 
133.7 + 101.86 
2 
o 
"" 117.78 c 
••• K = 9.36 + 0.005 x 1.8 x 17.78 
ss 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
= 9.36 + 0.16 = 9.52 Btu/hr.ft?F 
Ui "" 769· Btu/hr.ft
2oF 
1 1 0.5 0.5 In (0~~~5) 
7b9 = -~+ + hT1;'-i . 0.625 x 3385 . 2'% 12 x 9'.52 
.' 
In (0~~~5) = In (1.25) =r 0.223 
0.0013 1 0.0002363 0.0004880 
"" 
+ + hTP 
0.0013 1 0.0007243 
. 
= - + hTP 
1 0.0005757 = hTP 
2 0 (1745) 
"" 
1737 Btu/hr.ft • F hTP 
9.2.1.11 Film temperature difference, (ATf) 
Heat flux (9) 
ATf = h TP 
44084 
= 17.37 
Steam condensat~ film 
steam 
T 
s 
++-_____ Tube wall 
Liquid 
Tliquid bulk 
317 
,----------------------
, 
,. 
9 • 2 .1 .12 C a1 c u 1 at i on 0 f (G a) 0 • 3 ( 1 ) 
Xtt 
YH20=~: 0.69 = 0.0115 ft 2,hr 
p 59.8 
..... YH20 = 1.3 2x10-4 ft4/ hr2 
. g:: 4.17x108 ft/ hr2 
Di':. (°. 5 )3 = 7 .2x10-5 ft' 
12 
.. Ga = 7.2X10-5x4.17x10
8 
1.32x10-4 
:. G a 0 • 3 = 3 22 • 4 
, : 
8 = 2.275x10 
.1..-=1.75 ---------------- from 9.2.1.5 
Xtt 
:, (Ga)O"( 1 )=322.4x1.75 =564 (564) 
Xtt 
9.2.1.13 Heat transfer coefficient if the liquid was flowing alone 
• 
• • 
(~) :-
}le 
PrL = (~)L 
~ = 0.69 lb/ft.hr 
CPL = 1.0076 Btu/lboF 
I<x. = 0.394 
0 Btu/ft.hr. F 
PrL = 1.0076 x 0.69 = 1 75 
0.394 • 
Reynold number, ReL = 
; 
\ l{ 
G ='.'-A 
xs 
G( l-Xay.) Dj 
~ 
W = 298 lb/hr - - - from 9.2.1.3 
A a 0.001364 - - - from 9.2.1.6 
xs 
318 
• 
• • 
• 
• • 
• 
• • 
.. 
, .. 
• 
• • 
G Total mass f'low rate ... Cross sectional area 
. 
G 298 218,475 lb/hr.f't2 ... 0.001364 = 
... 
218475(1 - 0.0416)0.5 
12 x 0.69 ReL 
= 
218475 x 0.9584 x 0.5 
12 x 0.69 
... 12,644 
R 0.8 = 1912 eL 
. ; 
~ ... 0.023 x 1912 x 1.251 x 0.3~:5x 12 
= 520 Btu/hr.f't20F (522) 
9.2.1.14 Calculation of' the heat lost by the condensing steam 
• 
• e.:, ... 
• 
• • 
• 
• • 
• 
• • 
r 
Total c.c./mih of' condensate, from 9.2.1.1 
-' 
... 41.4 + 39.7 + 38.4 + 36.4 + 34.8 + 31.4 
= 222.1 c.c./min. 
Density of' condensate = 0.96 gm/c.c. at 950C 
Rate ot steam condensation ... 222.1 x 60 x 0.96 454 
... 28.18 lb/hr 
Heat lost by steam ... 28.18 x 930.5 Btu/hr 
Since Hlv of' steam at 133.7°C ... 930.5 Btu/lb 
.. -
QSTM "'.J 26222 Btu/hr 
Ratio ot heat tlow rate based on the heat balance 
lb/hr 
(QCIR)' to that based on the rate ot steam ~ondensation 
, 
in~e heati~g jackets (QSTM)' from 9.2.1.7, CF =' 
= 0.88' 
31~ 
I 
J 
9.2.1.15 Calculation of local heat fluxes 
I 
. 
Section Steam condensatioq Heat. l~st by Corrected heat flow 
No. . rate steB:m, QSTM from steam to each 
. c.c./min Btu/hr section (multiply by CF :: 0.88) 
1 Top 41.4 4887 4301 
2 
3 
4 
5 
'6 
39.7 4687 4125 
38.4 4533 3989 
36.4 4297 37a1 
34.8 4108 3615 
31.4 3707 3271 
Heat balance on section No. (6), bottom section:-
(298 - m) lb/hr of liquid) 0 
) at 102.22 C 
m lb/hr of vapour ) 
3271 Btu/hr --+ 
D Corrected heat 
flow from steam 
to section (6) 
Datum temp. o D 102.22 C 
section No.6 
Heat content in the entering liquid 1:11 WCPL AT 
• 
• • 
AT o D 0.1 C 
••• WCPL.6.T = 298xO.1x1.8x1 
::0 53.6 Btu/hr 
Heat content in outlet streams = 3271 + 53.6 
= 3324.6 Btu/hr 
This amount of heat transferred in section (6) is used 
for vapour generation 
• 
• • 
• 
• • 
Hlv = 967.9 Btu/lb at 102.27°C 
. 3324.6 :: m x 967.9 
m • 3324.6 3 43 
067.9· • lb/hr 
.--------.. ---~.-•.. 
• Exit vapour quality of section No. • • 
= 
;;.1 .. 3 
298 
= 0.0115 
• Average vapour quality of section • • 
Heat flux for section No. (6) = 
= 
( 6) 
(6) = 
3324.6 
A. 
1. 
3324.6' 
0.087.3 
0.00575 
, 2 
= .38,08.3 Btu/hr.ft 
(376.35) 
The above procedure is repeated for each section to obtain the 
heat flux, quality and mass flow rate of both liquid and vapour 
phases. 
9.2.1.16 The Chents correlation (9):-
The following procedure described by Collier J. (1) pages 
321 
212 and 21.3, is used to evaluate the heat transfer coefficients. 
* 
* 
* 
* 
.. 
* 
* 
The following quantities are aTailable from the experiment:-
1. Heat flux 
2. Mass flux 
.3. Quali~y 
Then the steps for evaluating (hTP) are:-
·11 
Calculate (X--) from (X--) 
tt tt 
= 
X 0.9 PL 0.5 Pv 0.1 (-) (-) (-) 
i-X Pv ~ 
1 . 
Eavluate (F) using the plot (F vs X--) 
tt 0.8 C 0.4 
Calculate hc from he = 0.02.3 [G(1~)DiJ [ Jl KP ] L 
Calculate_~eTP from ReL = [G(1~)DiJ and F 
:J. 
Evaluate (s).~rom the plot (5) vs ReTP 
.' 
Calculate ~ for a range of (A T sat. ). values 
, 
Calchlate hTP for a range of (ATsat .) values 
(~)F D. 
1. 
,. Plot heat flux vs h T P and interpolate hTP at the 
given heat flux. 
. ! 
Six-Compartment tube 
Run No. III. 63. \{ 
The following experimental length-mean values in this run 
were obtained:-
(....L) 
Xtt 
III 1.75 -
44084 2 et III Btu/hr.ft 
ATf = 25.38°F -, , 
2 of hTP III 1737 Btu/hr.ft, 
2 of ~ III 520 Btu/hr.ft 
ReL III 12,644 
F III 4.1 from Chen's graph, ref. 
he III F x ~ 
= 4.1 x 520 
III 2132 Btu/hr.ft2 of 
ReTP III ReL F
1
•
25 
III 12644 (4.1)1.25 
III 12644 x 5.83 
4 
III 73,700 III 7.37 x 10 
-
(9) 
••• S III 0.505 from Chen's graph, ref. (9) 
from 9.2.1.5 
from 9.2.1.10 
from 9.2.1.11 
from 9.2.1.10 
from 9.2.1.13 
from 9.2.1.13 
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[
KLO.79CPLo.45PLo.49geO.25] 
~ 0.00122 ~0.5 0.29H 0.24 0.24 J 
~ 0.75 AT 0.24 S __ _ 
Psat. sat. A 
L ~ Iv p" 
KL = 0.394 Btu/hr.ft.oF 
CPL III 1.0076 Btu/lb.oF 
PL = 59.8 lb/ft'!> 
282 ge III 32.2 lbm.ft/lbf.see III 4~17 x 10 lbmft/hr .lbf 
C1L = 0.00397 lbf/ft 
PL III 0.69 lb/ft.hr 
I 
Hlv • 971 Btu/lb 
3 Pv III 0.0373 Ib/ft 
. lL 0.79C 0.45 0.49 0.25 • [-"L PL PL g e J 
•• (f. 0.5 0.29H 0.24 0.24 J L J1x. Iv pv . 
. ---~.-- ---'---"'-'-- ,_ ... 
[ 
0.48 x 1 x 7.45 x 143 J 
a 0.063 X 0.898 X 5.22 X 0.455 
••• ~ = 0.00122 [3830] APsat .0.75 AT 0.24 S 
sat. 
== 4.63 ~ P 0.75 AT 0.24 S 
sat. sat. 
Assume AT = 10 of 
••• AP t = 2.9 lb/in2 from Ref.32. ,P.56 
sa • 
• 
• • 
== 2.9 x 144 a 418 lb/ft2 
S .,. 0.505 
~ = 4.63 (418)°·75 (10)°·24 X 0.505 
= 4.63 X 93 X 1.74 X 0.505 
a 378 Btu/brft2 of 
h .,. h TPChen c 
.,. 2132 + 378 
.,. 2510 Btu/hr.ft2oF 
.". Heat flux .,. 2510 X 10 
2 
.,. 25,100 Btu/hr.ft 
Assume AT :0 300 F 
AP a 12 lb/in2 from Ref.3 2 ,P.56' 
sat. 
It will be assumed that the content of the square bracket 
of equation A t remains constant 
• 
I • 
• 
• • 
• 
• • ~ a 
.,. 4.63 x 268 X 2.26 X 0.505 
.,. 1416 Btu/hr.ft2•oF 
11 2132 + 1416 
2 ° a 3548 Btu/hr.ft. F 
Heat flux = 3548 X 30 
2 
.,. 106,440 Btu/hr.ft 
.......... _-_.-------_ ... _._._---_.-- ... _- -_ ............ . 
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The two pairs of hTP and heat flux are plotted in Chen 
Fig. 9.2.1 , to make possible obtaining interpolation values of 
hTP.From this plot we read an hTP. ... 2755 Btu/hr.ft
2
• of 
(2767), for the experimental heat fluX of 44,084 Btu/hr.ft2 • 
Hence theATf predicted byChen's method is 16°F. 
experimental value is 25.3aoF. 
9.2.1.17 The Hughmark correlation 
eT: 0.25 D,Vl PL 0.55 
hTPDi 
(T) ( 1 m ) 
13 L 
J.1L 
... 
~ PL-P 0.8 ( 1 0.45 L 0.25 ( v) 
. ) (10) 
Pv C5"LCPL 
While the 
The Hughmark Correlation is based essentially on the 
'homogenous two-phase model'. Thus this model would be expected 
to be reasonably suitable for the bubbly flow regime, and 
unsuitable for the annular flow reg!me. 
Hugbmark recommends his correlation for length-mean values. 
-
Six-compartment tube 
Run No. III.63.W 
Average bulk temperature, Tb ... 101.86oc 
Total mass flow rate = 298 lb/hr 
Total mass flux ... 218,475 lb/hr.ft2 
from 9.2.1.a 
from 9.2.1.3 
from 9.2.1.13 
Average quality = 0.0416 - - - - - - - from 9.2.1.4 
• 
• • 
• 
• • 
1.0076 Btu/lb.oF 
lb/ft.hr 
... 1.75 
= 1.15 
-------~-... ~.--------------~-
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Fig.9.2.1 Plo~ of the heat flux obtained on the basis 
M' 
10 
11 0 
100 
;;. 50 
IT 
40 
30 
20 
2,0 
of an.. assume~ t,eDllperature difference ATf vs 
the two-phase heat. t,ransfer coefficient obtained 
fram. t.h.e Chem correlation for the .~ame A'rf 
.' '~ 
2.2 2; 2p 2,8 3,0 3,2 3,4 3,6 3.8 
I 
hTP 
-3 / 20 \ x10 Btu. hr. ft . F 
..J 
4.0 
.. 
. . 
. 
.. 
6L = surface tension of th~ liquid a 58.9 dynes/cm 
CPL a 1.0076 Btu/lb.oF 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
1 0.45 
• = (58.9 x 1.0076) 
= 
(0.01,68)0.45 
= 0.16 
L 11 tube length = 4 ft 
1 0.25 4 0.25 (10) = (10) = 0.8 
VIm ': log mean velocity 
Velocity at inlet 11 V1 
Velocity at outlet assuming homogenous flow 11 V2 
V2 - V1 
VIm 11 1n V2 
-V1 
Mass flux ft/sec Density x 3600 
218,476 
= 1.01 ft/sec 
V
2 
is calculated on the basis of a two-phase density. 
1 x (1-x) 
-a 
-
+ 
PTP p. v PL 
0.0832 
+ 
0.9168 
= 0.0372 59.8 
= 2.24 + 0.015 
= 2.39 
= 0.42 
2 
Cross sectional area, Axs = 0.001364 ft 
298 
Velocity at exit, V2 = 0.001364 x 0.42 x 3600 
VIm 11 
145 - 1.01 
145 1n T.Oi' 
• 145 ft/sec 
= 1~ 11 28.8 ft/sec 
103 680 ft/hr 
- -----_.------- -------------- ----- - --. 
D V P 0.55 
••• ( i lm L) ... (103 680 x 0.5 x 59.8) 
12 x 0.69 Pt. 
... 1168 
C 0.25 D.VI PL 0.55 (~) (1 m ) 
H ... K L PL 
x 
PL - P 0.8 1 0.t.5 L 0.25 ( v) «(5 Cp) (10) 
Pv L L 
... 
1.15 x 1168 
367 x 0.16 x 0.8 
... 28.t. (28) 
2 0 
0.55 
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hTP ... 1737 Btu/hr.ft • F - from 9.2.1.10 
• H 
hTpDi 1737 x 0.5 18317 (185) • • ... ... 12 x 0.394 ... y 1\ 
9.2.1.18 The Schrock and Grossman Correlation: 
hTP ['. 1 0.67 (_) ':t () ] ~T ... 0.739 Bo x 10 + 1.5 X
tt 
lL GD. 0.8 C 0.33 
''ill ~ 0.023 (:1!) (...2:.) . (~) . 
ere -~T ... Di ~ K L 
and Bo ... et G.Hlv 
From Run III.63.W, we have the folloWing values obtained in 
earlier calculations:-
Section Heat flux (....L) ~P Total mass flux 
~o. (et> 2 Xtt experimenaal Ib/hr.tt
2 
Btu/hr.ft Btu/hr.ft .oF (G) 
1 Top 4:9557 3.072 2151 218,4:75 
2 4:7122 2.4:4:3 1997 218,4:75 
3 4:5t.30 1.84:4: 1918 218,4:75 
4: 4:3554: 1.291 1773 218,4:75 
5 4:1124: 0.781 1551 218,4:75 
6 38083 0.286 1283 218,475 
L 4:4:084: 1.75 1737 218,4:75 
hTP [~ 1 0.6~ The values of (lL ) and Bo x 10 + 1.5 (x) J 
-~T tt 
could now be evaluated from the quantities available in the 
above table:-
• 
• • 
• 
• • 
Section 4 Bo x 104 1 
0.67 
No. Bo x 10 + 1.5(X) tt 
1 Top 2.:;4 5.5 
2 2.22 5.0 
:5 2.14 4.4 
4 2.05 3.8 
5 1.94 3.2 ' . 
6 1.77 2.4 
L 2.08 4.26 
e.g. for the length-mean value:-
4 tt x 104 _ 44084 x 104 
'. • • 
Bo x 10 =..J G Hlv - 218475 x 971 
= ' 2.08 
r 
1 0.,67 
1.5 (.-) = 2.18 Xtt 
[ 
4 1 0.67J Bo x 10 + 1.5 (X) = tt 
KL = 0.394' Btu/hr.ft.oF 
~ = 0.69 Ib/ft.hr 
1 
Di = 27; ft 
2.08 + 2.18 
PrL = 1.75 from 9.2.1.13 
hTP 
-~T 
4.1 
3.8 
3.7 
3.4 
3.0 
2.5 
3.37 
8 4 0.8 0.33 ( 21 , 75) (1.75) 
24: x 0.69 
= 0.023 (0.394: x 24:) (1978) (1.2) 
=' 516 Btu/hr.ft2•oF 
o. __ 
hTP = 17~7Btu/hr.ft2.oF from 9.2.1.10 
, 
\ 
.,r 
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9.2.2 Nine-Compartment tube tvater , length-mean values 
Run No. IV. 357. \{ 
Date of Run 10/6/75 
9.2.2~1 Exit Vapour condensate flow rate: 
300 c.c. were collected in 29.6 sec., in a measuring flask, 
using a stop watch. This measurement was repeated using 
250 c.c. measuring cylinder and a stop watch, when 147 c.c. 
were collected in 14.7 sec, see Fig. 3.1 
c.c./sec, first method = 10.15 c.c./sec 
c.c./sec~ secondmentod = 10 c.c./sec 
• 
• • Average c.c./sec = 10.07 c.c./sec 
• 
• • Flow rate = lb/hr 
= 79.85 lb/hr 
9.2.2.2 Circulating liquid flow rate at exit 
The time period required to fill 20 cm length of the 
calibrated 3" Q.V.F. measuring cylinder, was recorded. The 
measurement was taken twice, at intervals, see Fig. 3.1 
• 
• • 
length of' cylinder, cm. time period, sec. 
20 
20 
Average time period = 18.55 sec 
18.3 
18.8 
Volume of 1 cm. length of the 3" Q.V.F. cylinder 
= 45.4 cm3 
Volume of 1 ft length of the 1" Q.V.F. glass tube 
= 155 cm3 
Total volume collected = 20 20 x 45.4 + 30.5 x 155 
= 908 + 104 
1012 cm3 • 
-Figures in ( ) are values from the computer program 
----_._---_ .... -..... -_. 
• I 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
1012 
c.c./see... 18.55 ... 54.56 e.c./sec 
Liquid flow rate = 54.56 x 3690 x 0.97 454 
o Where PL at 90 C = 0.965 gm/e.e. 
flow rate = 419.7 lb/hr (417.6) 
Total mass flow rate in the reboiler tube 
... 419.7 + 79.85 
= 499.5 lb/hr 
Exit vapour quality 79.85 = 499.5 x 100 
= 16% (16.01) 
Average vapour quality in the tube = 8% 
330 
9.2.2.3 Calculation of the Loekhart-Martinelli parameter (-1-) Xtt 
}l. = 
v 
0.0302 lb/ft.hr 
~ ... 0.69 lb/ft.hr 
PL ... 59.8 lb/ft
3 
P
v 
= 0.0373 lb/ft3 
0.08 0.9 ( 59.8 10•5 0.0302 0.1 
::r (0':92) 0.0373 ( 0.69 ) 
= 0.111 x 40.04 x 0.731 
9.2.2.4 Overall heat balance 
Q 
419.7 lb/hr liquid ) 
) at l00.6°c 
79.85 lb/hr vapour ) 
Datum temperature ... 100.4°c 
----------.- ------.- - -------~-.--.--.------ ---_ .... --
• .. . 
3 31 
Heat in +Q = Heat out 
. 
Sensible heat in the inlet liquid = 499.5 (103.2 - 100.6) 1.8-
= 499.5 x 2.6 x 1.8 
= 2338 Btu/hr 
Latent heat in the vapour stream m 79.85 X 971 
.. 77534 Btu/hr 
= 75196 Btu/hr 
9.2.2.5 Overall temperature driving force, (AT ) 
ov 
Steam temperature = 140.7°C 
Average bulk temp. m 102.9 °c 
• 
• • 
= 37.8 X 1.8 
Inside area of~heat transfer,n (A.): 
1 
D. = 0.872" , L = 6' 
1 
A. an: D.L 
1 ]. 
A· I = n: 0.872 2 
Overall heat transfer coefficient, (U.): 
- 1 
QCIR 
A. xAT 
1 ov 
75196 
= 1.37 x 68 
Heat flux, (9) 
2 0 
= 807 Btu/hr.ft. F (802) 
QCIR ~ .. - .. A. 
1 
75196 
1.37 
2 
= 54,888 Btu/hr.ft (54769) 
9.2.2.9 Mass flux at the tube inlet, (~~) 
Total mass flow rate .. 499.5 
Area of cross section, A xs 
from 9.2.2.2 
2 
= 0.00415 ft 
_____ ;;.;;;;;;;==::::===-=-::------.--_-_-=:::_-_____________ ---1 
---------------------~~~~~~~~~------- -
/ 
• 
• • 
• 
• • 
Mass flux .. 499.5 0.00415 
2 lb/hr.ft 
9.2.2.10 Calculation of the Reynold's number, (ReL): 
G( 1 - X )D. ay. I 
G D 120,:;61 2 lb/hr.ft - - - - - - from 9.2.2.9 
D; = 0.872" 
~ .. 0.69 lb/ft.hr 
x = 0.08 - - - - - -
ay. 
• 120,:;61 x 0.92 x 0.872 
•• ReL .. 12 x 0.69 
= 11,661 ( 11,622) 
- - - - from 9.2.2.2 
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9.2.2.11 Calculation of the s~ngle-phase flow coefficient, (~) 
0.8 0.4 I<r. -
0.023 (Re)L (?r)L (D7) 
1 
KL D 0.39~ Btu/hr ftOF 
" D. D 0.872 
1 
PrL .. 
- - - - - - from 9.2.2.10 
• 
.. ~ 
D 0.02:; x 1792 x 1.25 x 5.42 
= 279 Btu/hr.ft2 of (280) 
9.2.2.12 Calculation of the two-phase boiling coefficient, (hTP) 
• 
• • 
1 D1' D·l (D /D.) 1 1 n 0 1 
-=-+-+ Ui hTP Doho 2k 
h = 3826 - 0.01(~) 
o 
= 3826 - (54888 x 0.01) 
= 3826 - 549 
20 
.. 3277 Btu/hr.ft • F 
0.872 • 0 000 2661 
1 x 3277 • 
• 
• • 
• 
• • 
• 
• • 
• 
• • 
K = 9.15 + 0.0066 x T ss . ,., 
= steam temp. + Average bulk temp. 
T,., 2 
140.7 + 102.9 0 
= 2 = 121.8 c 
K a 9.15 + 0.0066 X 121.8 
ss 
= 9.15 + 0.8 
o 
= 9.95 Btu/hr.ft. F 
1:1 
= 
0.872 !n( 1.15) 
24 X 9.95 
0.872 X 0.14 
24 x~.95 , 
.' 
= 0.0005112 
1 1 
-
1:1 
- -hTP U. 
(0.000 2661 + 0.0005112) 
hTP 
1 
1 
= 807 - 0.0007773 
1:1 0.001239 - 0.0007773 
1:1 0.0004617 
2165 2 0 1:1 Btu/hr.ft • F 
. 
hTP 2165 7.76 (7.5) 
-
1:1 1:1 
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Galileo number, Ga -= 
°Jo 
(2091) 
i 
• y2 .of -4 
•• H - = 1.32 x 10 
20 
9 • 4.17 x 108 ft/hr2 
Di = 0.872" • 0.0727 ft 
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. ' 
j 
• D 3 • 0.000384 ft~ • • i 
-lr 108 
• 
3.84 x 10 %.4.17'x 
• • Ga = 10-4 1.32 x 
= 1.213 x 10
9
. 
-------------------- from 9.2.2., " 
- 17,1 (1740) 
,9.2.2.14 Calculation of the heat lost by Steam (QSTM) 
Collection time ot condensate = 16.7 min 
Temperature of the condensate = 65°C 
Section Volume of 
No. condensate, cm3 
collected in 
16.7 min. 
1 Top 1580' 
2 1450 
3 1340 
4 1270 
5 
. 1220 
6 1180 
7 1150 
8 1130 
9 Bottom 1120 
Total 11,440 
lb/hr of condensate = 11,440 x 60 x 0.97 16.7 x 454 
Steam temperature 
= 86.9 
° = 140.7 C 
••• Hlv = 922 Btu/lb 
• 
• • Heat lost by steam = 922 x 86.9 
• 
• • 
• 
• • 
QSTM 
QC1R 
QC1R 
-QSTM 
.---_._----
= 80,122 Btu/hr 
= 75196 Btu/hr 
75196 
= 80122 = 0.94 
_ ... _-_ .. _._-----._-----_ ..• -... -.' ".-
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9.2~3 Sample calculation on six compartment tube: Water 
• 
ethylene glycol solutions 
Length-mean values 
9.2.3.1 Experimental readings 
Run No. III.133.B. 
Date 15/2/74 
Nominal concentration = 20% water 
" 
Steam pressure = 63 psig ) 
) Average of 
Steam temperature = 153. 17°C ) 
) readings 
% Submergence = 40 ) 
Atmospheric pressure = 734.3 mm.Hg 
Flow rates measurements: 
335 
Vapour Condensate Circulating liquid flow rate 
1 
2 
3 
'* 5 
6 
Volume (c.c.) 140 
Collection time (sec 
Temperature 15 
Concentrations: 
Sampling point 
Top 
Bottom 
Circulating liquid at inlet to orifice 
Vapour condensate at inlet to orifice 
Circulating liquid from orifice outlet 
Vapour condensate from orifice outlet 
Boiler 
Refractive 
angle 
11.9 
11.7'*96 
11.526 
11.4 
11.256 
11.2995 
12.114 
4.9115 
12.1665 
4.8905 
11.2875 
687 
61.2 
90 
Wt. % H20 
from fig. 9.1.12 
15 
16.5 
18.6 
20.2 
21.6 
21.3 • 
13 
83.7 
12.5 
83.9 
21.3 
-This concentration - lower than that in the compartment 5 - is 
possible because of the fairly high fluctuations in the flow. 
,.-.-.-~.------------------------ .... -.----,.-, ,~,. 
Steam condensates: 
Section Inside condensate Outside condensate 
c.c. c.c. 
1 Top 1040 200 
2 1030 165 
3 1035 165 
4 1080 155 
5 1085 160 
i • 
6 Bottom 1030· 195 
Collection 
time min. 39 14.5 
0 Temp. C 45 60 
Local temperatures of the test liquid 
• 
• • 
Point Corrected temperatures Average temperature 
.oC ' in each section °c 
. 0 Top 131 130.1 
1 129.2 128.75 
2 128.3 127.5 
3 126.7 125.65 
4 124.6 123.3 
5 122 122 
6 Bottom .122 
Overall temperature difference, /j. T 
. ov 
Steam temperature a 153.17°C 
Test liquid average bulk temperature 
= 
AT 
131 + 129.2 + 128.3 + 126.7 + 124.6 + 122 + 122 
7 
= ov 153.17 - 126.3 
;: 26.87 °c 
.. l= 48.4 of f48.3) 
Heat transferred on the basis of steam condensation 
rate, QSTM 
Total volume of inside condensate = 6300 c.c. 
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• 
• • 
Collection time 
== 
39 min 
steam temperature 
== 
o Latent heat of steam at 307.7 F == 904 Btu/lb 
Density of condensate == 0.96 gm/c.c. 
904 x 6300 x 60 x 0.96 
39 x 454 
:: 18,530 Btu/hr 
33 7 
9.2.3.4 Mass flow rate of vapour condensate at reboiler tube exit 
140 c.c. were collected at 150 C in 87.9 sec. of composition 
83.9 % water 
• 
• • Liquid density at 15°C and composition of 83.9 % Water 
• 
.. . 
== 1.02 gm/c.c. 
mass flow rate == 140 x 1.02 x 3600 87.9 x 454 
== 12.86 lb/hr . 
*Numbers given in ( ) are those obtained from the computer 
program. 
9.2.3.5 Mass nOl' rate of circulating liquid at reboiler tube 
exit 
o 687 c.c. of liquid at 90 C were collected in 61.2 sec. of 
composition 13 % water 
Density of liquid at 900 C and 13% water 
• 
• • 
• 
• • 
• 
• • 
.. 1.051 gm/c.c. 
Mass flow rate = 687 x 1.051 x 3600 454 x 61.2 
lb/hr 
Total flow rate in the reboiler tube == 93.2 + 12.86 
Exit vapour quality % 
== 
12.86 
106.1 x 100 
I: 12.13 % 
== 106.1 lb/hr 
.-. Average vapour quality in the reboiler tube 
I: 6.06 % 
== 
6.1 
.-------------_. __ .. __ ._. --_ ... 
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9.2.3.6 Overall heat balance 
• 
• • 
• 
• • 
Circulating liquid 
93.2 lb/hr of 
domposition 15% water 
and temperature ot 
1310 C 
) 
Datum temperature = 1220 C 
Vapour condensate 
12.86 lb/hr ot 
composition 83.8~~ 
water and temperature 
ot 1310 C 
106.1 lb/hr of liquid of 
21.3 % water and 
temperature of 1220 C 
Q 1:1 Sensible heat in liquid at outlet + Sensible input 
heat in vapour at outlet + Latent heat in 
vapour at outlet 
Sensible heat in liquid at outlet "" mCp A. T 
m ... 93.2 •• •• • • 
AT = 131 - 122 
Cp ... Specific heat of glycol solution at B. pt. of 
15% water 
1:1 
•• •• •• from fig. 9.1.7 
mCp AT = 16.2 x 0.75 x 93.2 
= 1135.4 Btu/hr 
Sensible heat in vapour "" mCp AT 
mCp AT 1:1 12.86 x 16.2 x 0.5 "" 104.17 Btu/hr 
Latent heat in vapour 1:1 mHlv 
. .- - .. -----~-------.. ----------.~--- ..... ----.-.-.----. 
Hlv is at vapour composition of 83.8 % water, from fig. 9.1.10 
,', mHlv = 855 x 12.86 Btu/hr 
• 
• • 
• 
• • 
= 10995 Btu/hr 
Q = 1135.4 + 104.17 + 10995 input 
= 12235 Btu/hr 
CF lit 
= 0.66 
• 
122;;5 
18530 
9.2.3.7 Calculation of the Reynold's number 
R GDj (l-Xav) ;. = -~ 
Average composition in the tube 
15 + 16.5 + 18.6 + 20.2 + 21.6 + 21.3 
6 = 
= 18.9 % water 
Average temperature in the tube .. '0 0 126.3 C = 259.3 F 
Density PL .. 63.5 lb/ft3 •• •• • • from fig. 9.1.3 
Viscosity ~ = 2.14 lb/ft hr • •• •• from fig. 9.1.5 
Total mass flow rate at tube inlet .. 106.1 
Cross sectional area .. 'i Di 2 
= 0.00137 ft2 
lb/hr 
• 
• • 
106.1 2 
Mass flux =' 0.00137 = 77,300 lb/hr ft 
• 
• • 
x = 0.061 •• 
av. •• •• 
77,300 (1 - 0.061) 
= 24 x 2.14 
= 1415 
• • 
(1429) 
9.2.3.8 Calculation of the Prandtl number, PrL 
la) PrL .. \: K L 
•• 
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.. 
• • 
Properties at 18.9 % water and B. 
PL = 63.5 
3 lb/ft •• •• •• 
~ = 2.14 lb/ft hr •• •• 
CPL = 0.765 Btu/lboF •• •• 
~ = 0.158 Btu/ft hr°F •• •• 
2.14 x 0.765 
PrL = 0.158 
= 10.36_ 
Pt. 
• • from fig. 9.1.3 
•• from fig. 9.1.5 
•• from fig. 9.1.7 
•• from fig. 9.1.8 
) . 
9.2~3.9 Calculation of the Single Phase Coefficient, ~ 
R 0.8 =. 14150.8 eL = 331.6 
••• ~ = 0.023 x 0.158 x 24 x 331.6 x 2.55 
·20 
= 73.75 Btu/hr ft F 
9.2.3.10 Calculation of the Overall heat trans'fer coefficient, 
Ui 
QC1R 
= AT A. 
ov 1 
Ai TTD.L TT x 4 
TT 0.523 ft2 = = 27; = b = 1 
12235 483.3 2 of (491 ) u. = 48.4 x 0.523 = Btu/hr ft 1 
9 •. 2.3.11 Calculation of the Boiling Coefficient, hTP 
1 D. 1 D. ln (Do/Di) 1 1 
- = + - + U. D h hTl' 2K 1 0 _0 
h = 382p -0.01 q 0 
.-- 12235 q 
-= heat fluit = 0.523 
-' 
= 23394 Btu/hr ft2 (23735) I 
I 
• hO =..! 3826 - 234 = 3592 Btu/hr ft2 of • • 
K = 9.36 + 0.005 x 1.8 (T - 100) ss w 
T bulk average temp. + steam temp. D 
w 2 
34.0 
Ui 
• 
• • 
• 
' .. 
• 
• • 
• 
• • 
K 
ss 
1:1 
153.17 + 126.3 0 2 :I 139.7 c 
Di 1n (Do/Di) 1n (0.6245/0.5) 
2 x 24 X 9.72 2K a 
0.223 
.. 466.6 .. 0.000478 
~ - (0.000478 + 0.624~·; 3592) 
1 
.. 483.3 - (0.000478 + 0.000223) 
a 0.002069 - 0.000701 
a 0.001368 
hTP 1:1 731 Btu/hr ft2 OF (748) 
hTP 731 9.91 
-
a a 
hL 73.75 
(10.1) 
9.2.3.12 Calculation of the Lockhart-11artinelli 
• 
• • 
• 
• • 
parameter. ~ 1 ) 
Xtt 
0.9 PL 0.5 P 0.1 (L) .. (~), (_) (...!.) 
Xtt 1-x Pv ~ 
x .. 0.061 
ay. •• •• •• 
(1 - X ) .. 0.939 ay. 
X 0.9 ( ay. ) 
1 - X ay. 
•• 
Properties at the B. pt. of 18.9 % water 
PL a 63.5 Ib/ft
3 
•• 
PL .. 2.141b/ft hr •• 
flv :I 
3 0.0352 Ib/ft •• 
}l :I 0.0331 Ib/ft hr v 
•• • • •• 
•• •• • • 
•• •• •• 
•• •• •• 
(L) 63.5 0.5 0.0331 0.1 X
tt 
.. 0.085 (0.0351) ( 2.14 ) 
= 0.085 x 42.53 x 0.66 
... 
from fig. 9.1.3 
from fig. 9.1.5 
from fig. 9.1.4 
from fig. 9.1.6 
I 
9.2.;.1; Calculation of 
The various components are evaluated at average 
,liquid composition in the tube of 18.9 wt. % water. 
6H20 
( 6 ~ 
L 
) = 1.675 -----------from Fig.9.1.19 
• 6H20 
•• ( 6 '" 
. L 
)0.6 = 1.;6 
F ::: 1.98 
--.------------------ from Fig. 9.1.18 
(Ga)O., = 322.4 
( 1 ):: 2.;9 
Xtt. 
--------------- from 9 2 1 12 • • • 
--------------- from 9 2 ~ 12 • '.1' 
:. (Ga)O., (_1_)(_6-T""H2_0_) ° .6(F)1. 5 
X 6L"-. . tt 
= ,22 .4x2 .;9x1.,6x2. 79 
:: 2924 (2959) 
-----_ ..__ ._--_. 
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9.3 Calibration of Pressure Transducer 
Current Output Input mV lbs/in
2 
Recorder Unit in 
t 5 0.0758 
t 10 0.153 
t 25 0.376· 
, t 5 0.0372 .. 
t 10 0.0740 
.1 25 0.185 2 
i 5 0.0249 
t 10 0.04:95 
-
t , 25 0.123 
1 max. 2.5 0.00921 
1 max. 5 0.0184 
1 max. 10 0.0365 
1 max. 25 0.0921 . 
·Setting used for all the experimental runs. 
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9.4 Temperature - E.M.F. Constants for Ni-Cr/Ni-AI 
Thermocouples in Accordance with B.S. 1827:1952, 
U.S. National Bureau of Standards (Circular No. 561) 
and I.S.A. Reference Tables 
o Cold Junction 0 C 
Applicable Tolerance Limits of Accuracy Below 
4oo°c within ! 3°C 
Temp. °c E.M.F. mV ° Temp. C E.M.F. mV 
0 0 110 4.51 
10 0.4 120 4.92 
20 0.8 130 5.33 
30 1.2 1 140 5.73 
40 1.61 150 6.13 
50 2.02 160 6.53 
. 
60 2.43 170 6.93 
70 2.85 180 7.33 
80 3.26 190 7.73 
90 3.68 200 8.13 
100 4.10 210 8.54 
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9 .5St.eam condensat.ion. coefficient. 345 
Th.e coefficient of heat. transfer for t.hee con.densin.g steam 
was found by calibrat.ing tube III.In the course of this work 
it. was found that. the!~Wilson Plot. Met.hod" (65) ,and also the 
"Wilson Plot. Met.hod"modified b,y Chu 'et .al • (66) , were unsuitable, 
because they do not reflec~ t.he effect of heat flux on the 
condensing film coefficient of heat. transfer. 
The lin.e diagram of the apparatus used for the experimental 
detexm1.nat.ionof this coefficient. is shown in FiC;.9.5.1.Warm 
o 
water at. ahouio 45 C ,was fed t.brough t.he inside of the six-
,c.ompartm.en.t tube IlI,at. various flow rates .The tube inlet. and 
out.let. wat.er temperat.ures were in.di~at.ed on two Hg-thernometers 
o . 
reading t.o 0.1 C,and seven t.b.ermoc9uples placed between· t.he 
neig)lb'ouring compa:n.m.ent.s gave the t.emperat.ure of t.he inlet 
and outlet wat.er for each. compart.men.t.Warm water was employed 
in order to have moderat.e rat.es of heat t.ransfer comparable 
witbl those obt.ained in boiling experim.ent.s. 
The inside heat. t.ransfer coefficient was estimated from the 
Di t.t.us-B.oel1er Eqn. 2." an.d th.e wall resist.ance was calculated 
from t.rue knowledge of wall thickness and wall thermal conductivity, 
The rat.e of heat. transfer was' calculated from t.he temperature 
rise an.d t.he mass flow rate of wat-er.Hence the overall heat 
transfer c;oefficieni. and loo.al st.eam side co.efficient were 
calculated. 
The mean. values of the loc·a,l heat. transfer coefficients for 
condensing steam' belonging to compartments 3 and 4, were used 
to define a relationship between the coefficient and heat flux. 
This is shown in Fig. 9.5.2, in which the correlating line was 
determined by t.he least. square method. The. standa.rd deviation 
of 1:.he experiment.al c;oeffic.ient from the ca.lculatedline is 
613 B1:.u/hr ft2·~F. This represents about 20% deviation on a 
c.oefficient. of 3000 Btu/ hr ft.2 OF which apprOXimately corresponds 
to t.he average heat. flux in the reboiler tube. 
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Fig. 9.5.1 Arrangement of th.e ap'pa.ra.tus for the 
de~erminat.1on '0£ st.eam. side coefficient. 
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